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METHOD FOR THE PREPARATION 
OF PARTICLES CONTAINING AN ACTIVE INGREDIENT 
BY EXTRUSION AND LYOPHIUZATION 

The present invention is concerned with a new process for the preparation of isolated 
particles, each of which contains at least one active ingredient useful in therapeutics, 
cosmetics, dietetics or alimentation, by extrusion and then lyophilization. 

It is also concerned with the said particles as new industrial products, constituted by 
an intimate combination of a physiologically acceptable excipient and at least one active 
ingredient, and obtained according to the said process by extrusion and then lyophilization. 

These particles, which will be called below "microparticles" and which have a 
maximum dimension between 0.05 mm and 5 mm, are essentially obtained in the form of 
little rods, or better still, in the form of spheres (also called "microspheres", "pearls", 
"beads" or "microbeads"). 
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PRIOR ART 

It is known that microparticles have already been obtained for therapeutic or alimenta- 
ry usage by (i) extrusion, at a temperature which is in general greater than or equal to 45 °C, 
of an intimate mixture of an active ingredient and of a fusible physiologically acceptable 
excipient, through an extrusion head having one or several dies, (ii) cutting the resulting 
extrudate at the level of each die, notably with the aid of a plate or with periodic vibrations 
and (iii) drying the resulting particles by generally allowing them to fall by gravity using an 
ascending inert gas (i.e., circulating countercurrent to the path of the particles). See in this 
connection the published European Patent Application EP-A-0204596, which describes the 
preparation of cylindrical rods (see column 4, lines 52-57), on the one hand, and the 
published European Patent Application EP-A-0438359 and the published German Patent 
Application DE-B-2 725 924 ("Auslegeschrift"), which describe the preparation of spherical 
microparticles by extrusion under vibrations (specifically at a frequency of 200-400 Hz or 
1800-2500 Hz according to DE-B-2 725 924), on the other hand. Other modes of the 
extrusion technique appear in granted US Patent US-A-2 918 411 and in published European 
Patent Application EP-A-0465338. 

According to the prior art^cited above, the excipient comprises or essentially consists 
of a lipid material, preferably one which is not soluble in water, can be melted and which 
acts as a solvent for the active ingredient. This lipid material is needed to obtain micropar- 
ticles of a regular shape, notably as microbeads, which neither adhere nor agglomerate to one 
another during solidification. According to the said prior art, the said lipid material is heated 
to melt it, and then the active ingredient is introduced into the resulting molten mass and, 
optionally, other components of the physiologically acceptable excipient are added to form a 
mixture which has a sufficient viscosity [less than 60 cP (i.e. 0.06 Pa s) and preferably 
between 10 and 20 cP (i.e. 0.01 and 0.02 Pa s); according to the information furnished in 
DE-B-2 725 924, column 3, lines 52-57] at the temperature of the extrusion head; and, then, 
the extrudate is cut (at the exit from the extrusion head) with the aid of a plate or knife (to 
obtain rods) or with the aid of periodic vibrations (to obtain microspheres) to form droplets 
which are generally solidified with the aid of an inert gas flowing countercurrent while the 
particles fall by gravity. 
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In particular, EP-A-0 438 359 recalls (see page 2, lines 25-29) that the utilization of a 
very cold countercurrent or gaseous jet (-10°C to -20°C) against the microparticle current, 
has the disadvantage of increasing the viscosity of the product that one wishes to solidify and 
consequently slows down the crystallization of the active ingredient. Also, EP-A-0 438 359 
recommends the use of cooling, which is not that intense (see page 2, lines 30-31) and the 
use of fluidized bed at the receptacle of the microparticles to maintain the microspheres 
which have not yet been completely solidified in the fluidized state. 

It should also be pointed out that US-A-2 918 411 provides for the solidification of 
the molten mass at ambient temperature (this patent uses the expression "congealed mass", 
column 2, line 28 or "congealed" as the meaning of "solidified" as it follows from the mode 
of operation given in Example 1; in this regard, see column 3, lines 67-68, where the 
following expression appears: "the congealed mass is cooled to room temperature"). 

The use of a pasty mass containing water goes manifestly against the information of 
prior art relating to extrusion technique illustrated by documents DE-B-2 725 924, US-A-2 
918 411, EP-A00 438 359, EP-A-0 465 338 and EP-A-0 204 596. 

It is known that lyophilization is a particular case of cryodesiccation when the solvent 
of a material that one wishes to eliminate is water. Lyophilization includes a phase called 
solidification and then a phase called sublimation, during which the water, that one wishes to 
eliminate, is eliminated by reheating under reduced pressure. The technique of lyophilization 
is well-known and can be specifically illustrated by patents EP-B-0 159 237, US-A-4 178 
695, US-A-4 490 407 and US-A-4 883 507. 

Patents US-A-4 490 407 and US-A-4 883 507 described in particular the preparation 
of spherical, coated microparticles having a diameter within the range of 10-120 /xm 
(according to US-A-4 490 407) or preferably less than 1 /xm (according to US-A-4 883 507), 
by spraying, drying with the aid of a gaseous current and then (a) lyophilization in the 
alveoles of an aqueous composition containing the said coated microparticles (see US-A-4 
490 407, column 3, lines 1-3 and column 4, lines 32-33) or (b) collecting, on a filter. 
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consisting of a porous mass with gas and obtained by congelation, grinding, sublimation of 
the solvent and compression (see US-A-4 883 507 in column 10, line 30 to column 11, line 
26). 

Moreover, it is known that lyophilization has some advantages. It permits conserva- 
tion of the initial characteristics of the active ingredients, or those that were produced during 
their manufacture on the one hand, and to protect the active ingredients from alterations due 
to heat and water (notably by avoiding hydrolysis and oxidation reactions), on the other 
hand. 

During storage, it improves the stability of the active ingredients, specifically at two 

levels: 

the chemical stability, which avoids alteration of the molecules present in the 
form of fine active particles, and 

the physical stability which avoids denaturation of the characteristics of the 
form obtained, the said denaturation involving slowing down of the liberation of the 
active ingredient, and a modification of the organoleptic properties (such as consisten- 
cy of taste), such a disadvantage being harmful with regard to the observance (i.e. 
following and observation of the prescribed posology) and consequently, the efficacy 
of the active ingredient. 

Lyophilization also permits one to avoid physical transformations of the dry products 
after the removal of the solvent (in this case, water), such as recrystallization and polymor- 
phism as is frequently the case during liquid/vapor evaporation by heat on the one hand and 
to obtain, starting from substances which dissolve slowly, preparations which are more easily 
soluble in water, on the other hand. Thus, during the sublimation phase, which takes place 
during lyophilization in order to eliminate the water, the dissolved molecules do not 
agglomerate to form crystals, as is the case during evaporation, and the dry product obtained 
theoretically remains as divided as it was in the initial solution. 
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Moreover, iyophilization permits combination of substances which are physicochemi- 
cally incompatible in solution. From this point of view, it permits the replacement of 
effervescent compositions, notably effervescent tablets by lyophilizates. 

Finally, Iyophilization contributes to the surface treatment of particles to increase their 
hydrophilic nature. Thus, oral lyophilizates based on active ingredients, which are normally 
insoluble or sparingly soluble in water, give a suspension in water in which they are found in 
the state conferred initially after a treatment, such as micronization, dispersion, surface 
treatment, etc. Moreover, the porous structure of the lyophilizates prevents agglomeration of 
the particles during dispersion of the said lyophilizates in water: the integrity of the initial 
particle size distribution is retained and particularly bothersome electrostatic phenomena are 
eliminated. 

PURPOSE OF THE INVENTION 

There is a need to improve the bioavailability of active ingredients which are 
packaged in the regular geometric form of the matrix type of a physiologically acceptable 
excipient, which contains the said active ingredients in its bulk and which is obtained by 
extrusion. 

There is also a need to provide matrix particles of the type cited above, which have 
the advantages of lyophilizates. 

Thus, according to the invention, it is proposed to furnish a new technical solution 
using extrusion and Iyophilization to satisfy the needs cited above and to obtain particles with 
a regular geometric shape that have the advantages provided by Iyophilization. This novel 
technical solution, which comprises extrusion of a pasty mixture containing water, goes 
against the information contained in the prior art with regard to the manner of extnision, 
according to which one would have to (i) avoid the presence of water in the material that one 
wishes to extrude and (ii) would have to use consequently a meltable lipid material in which 
the active ingredient was solubilized, in order to obtain particles pf regular geometric shape 
after solidification. 
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According to a first aspect of the invention, it is proposed to furnish a method for the 
preparation of isolated and geometrically regular particles, each matrix-type excipient 
containing in its bulk at least one active ingredient, the said method avoiding agglomeration 
of the said particles among themselves or to the wall of their container during their forma- 
tion. 

According to a second aspect of the invention, it is proposed to furnish particles 
obtained according to this method, namely, by extrusion of a pasty mixture containing water, 
followed by lyophilization, each of the said particles containing at least one therapeutically, 
cosmetically, dietetically or nutritionally active ingredient which is useful for humans or 
animals. 

According to a third aspect of the invention, it is proposed to furnish a method of 
packaging according to which one coats each of the said particles with a polymer coating 
having a continuous wall. The technique of coating used according to the invention, as it 
will be seen later, is different from that of coating of tablets, which is not applicable here 
considering the dimensions and especially the porosity of the lyophilizate. 



OBJECTIVE OF THE INVENTION 

The goal of the invention is reached with the aid of a new technical solution for the 
preparation of matrix particles by extrusion or forming followed by lyophilization. 

According to the invention, a method is recommended for the preparation of particles 
which are useful, notably in therapeutics, each particle comprising an excipient that forms a 
matrix and at least one active ingredient uniformly distributed in the bulk of the matrix, the 
said method being characterized by the fact that it includes the production of dry cores of 
regular shape, preferably spherical shape, by extrusion or forming, followed by lyophiliza- 
tion, each dry core being then being suitable to be coated on the one hand or suitable to be 
involved in a more complex operation, on the other hand. 
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According to a variation of the embodiments, this method comprises more particularly 

the preparation of a pasty mixture having a viscosity less than 1 Pa s, mea- 
sured at ambient temperature (15-20°C), 

extrusion of the said pasty mixture and cutting of the extrudate, as obtained, in 
the form of wet particles with a size generally between 0.01 and 5 mm, 

solidification of the said particles by contact with an inert fluid at a tempera- 
ture below 0°C, and then 

drying the said particles thus solidified by cryodesiccation. 

The solidification is carried out while the wet particles are dropping in a gaseous 
cooled fluid that preferably circulates countercurrent. 

According to the invention, the particles are recommended as industrial product, 
optionally coated, inside of a polymer membrane with continuous wall, obtained according to 
the said method and having a maximum dimension between 0.05 and 5 mm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings attached in the Appendix do not represent a limitation but illustrate 
other advantages and characteristics of the invention. 
More precisely: 

Figure 1 represents schematically an installation that permits carrying out the method 
of preparation of the invention on an industrial scale; 

Figure 2 represents in the form of a diagram an embodiment of the method of the 
invention; and 

Figure 3 represents schematically a particle according to the invention (here a 
microbead) obtained by extrusion, lyophilization and then coating. 
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DETAILED DESCRIPTION OF THE INVENTION 

The method according to the invention permits one to obtain particles (called 
"microparticles" here) of a regular geometrical shape, of the matrix type excipient containing 
at least one active ingredient in its bulk. 



The method according to the invention for the preparation of particles having at least 
one excipient forming a matrix and at least one active ingredient uniformly distributed in the 
bulk of the said matrix, the said process comprising the operations of extrusion and then 
ly optimization, is characterized by the fact that it includes the steps consisting of: 
(1) preparation of a homogeneous mixture from 

(a) at least one active ingredient, 

(b) a hydrophilic physiologically acceptable excipient, and 

(c) water, 

so as to obtain a pasty mixture which has a viscosity less than 1 Pa s, measured at 
ambient temperature (15-20°C); 



(2) the extrusion of the homogeneous mixture thus obtained and the cutting of the 
extrudate to obtain wet particles; 

(3) solidification of the said particles thus obtained, while they fall by gravity in an inert 
gaseous current having a temperature less than 0°C; and, 

(4) drying of the said particles by cryodesiccation. 

Optionally, the method according to the invention comprises another step consisting 

of: 

(5) coating each of the lyophilized particles (i.e., the particles dried by cryodesiccation) 
inside a polymer membrane with continuous wall. 
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During the formation of the microparticles, the extrudate (called "parison" by the 
expert in the field) is fragmented mechanically at the exit of the extrusion head, which may 
have one or several dies. The fragmentation can be carried out with the aid of a rotating 
cutter or with a pivoting plate going back and forth, obtaining little, essentially cylindrical, 
rods; it can also be carried out with the aid of vibrations, in order to obtain microbeads 
which are essentially spherical. 

According to a variation, little cylindrical rods are obtained which, as in the prior art, 
have a length of 1 to 5 mm and a diameter from 1 to 1.5 mm, from circular dies, on the one 
hand, and approximately cylindrical or oblong little rods, notably with a length of 1 to 5 mm 
and a thickness of 1 to 1.5 mm, from elongated dies, on the other hand. The fragmentation 
or cutting in this case is done with the aid of a cutter or a blade, cutting at the said dies, 
according to the periodicity. If one uses elongated dies, it is possible to provide one or 
several weakened areas in the material on at least one surface of the rods in order to obtain 
scored products. 

According to another variation, the microbeads are obtained by periodic vibrations or 
oscillations of the extrusion head or of its die or dies. These periodic vibrations or oscilla- 
tions have a frequency notably comprised between 50 Hz and 10,000 Hz, or even higher than 
10,000 Hz; they permit breaking up the flux of extrudate, leaving the extrusion head 
producing identical volumes, producing microbeads having a final calibrated diameter (i.e. 
after lyophilization) between 0.1 and 3 mm and preferably between 0.1 and 1.8 mm. 

Since, according to the invention, microbeads rather than little rods are preferred, the 
description which follows is concerned essentially with the production of microbeads unless 
otherwise indicated, but the information relating to the said microbeads can be directly 
transposed to little rods. 

In step (1), the expression "substantially hydrophilic excipient" means that the 
hydrophilic excipient is present in the homogeneous mixture in the extruder in a quantity 
greater than or equal to 5% by weight with respect to the weight of the said mixture, 
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the entire hydrophilic excipient/ water representing a quantity greater than or equal to 15% by 
weight with respect to the said mixture. In other words, the excipient that forms the matrix 
of the microbeads consists either completely of a hydrophilic excipient (general case) or 
comprises a combination of a lipophilic excipient and a hydrophilic excipient (special case of 
a matrix made from an oil-in- water suspension). 

The hydrophilic excipient (b) has two essential components: 

(bl) a polymer component having a molecular weight greater than or equal to 

10,000 daltons, swelling in the presence of water, and 

(b2) a water-soluble or water-dispersible component that serves as diluent. 

Component (bl) is involved as binder in the formation of microparticles or micro- 
beads, on the one hand, and as an agent that facilitates the disintegration of the said micro- 
particles or microbeads after lyophilization at the time of their utilization, upon contact with 
water or an aqueous medium, on the other hand. 

Practically speaking, the said component (bl) will be a substance with a high 
molecular weight, notably, above 10,000 daltons, and belongs to the group of colloids or 
polymers which can swell in the presence of water, on the one hand, and their mixtures, on 
the other hand. Advantageously, the said component (bl) will be a substance chosen from 
the group constituted by gum arabic, xanthan gum, tragacanth gum, alginates, pectinates, 
polyvinylpyrrolidone, polyethylene glycols, cellulose, carboxymethylcellulose, cellulose 
ethers, carboxymethylchitin, dextran, chitosan (which is obtained by total or partial deacety- 
lation of chitin), gelatin, acrylic and methacrylic polymers and copolymers, colloidal silica 
and their mixtures. 

Preferably, a component (bl) will be chosen from the group constituted by gum 
arabic, xanthan gum, polyvinylpyrrolidone, carboxymethylcellulose, cellulose ethers (notably 
methyl-, ethyl-, propyl-, hydroxy ethyl- or hydroxypropylcellulose), dextran and their 
mixtures. 
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Advantageously, it is recommended to use 10 to 350 parts by weight of component 
(bl) per 100 parts by weight of active ingredient. 

The component (b2) is used as physiologically inert diluent (or ballast) of the active 
ingredient and serves to provide cohesion of the microparticles or microbeads during 
formation and during their storage before utilization. In other words, it contributes to giving 
"body" to the said microparticles or microbeads, since the content of active ingredient 
present in the final lyophilized material may be low. With regard to its water-soluble or 
water-dispersible nature, component (b2) has a favorable action on the disintegration of the 
said lyophilized microparticles or microbeads. Advantageously, the said component (b2) will 
be a substance chosen from the group consisting of sugars, dextrans and their mixtures. 

Preferably, a component (b2) will be used, chosen from the group consisting of 
lactose, glycine, mannitol, glucose, sucrose, maltodextrin, cyclodextrin and its derivatives, 
synthetic sweeteners (notably aspartame and other analogous dipeptides, cyclamates and 
saccharinates), natural or synthetic aromas, and their mixtures. 

"Cyclodextrin" is defined here as any compound of the cycloamylose type [see Merck 
Index, (1989), 11th edition, page 425, entry "Cyclodextrins" (No. 2724)], in particular, a- 
cyclodextrin or cyclohexaamylose having the molecular formula €351160030, G-cyclodextrin or 
cycloheptaamylose having the molecular formula C 42 H 7 o0 3 5, and 7-cyclodextrin or cycloocta- 
amylose having the molecular formula C^HgoCV 

"Cyclodextrin derivatives" is defined here as any cyclodextrin compound in which at 
least one of the OH groups is etherified or esterified. Notably, the said cyclodextrin 
derivatives include ethers in which the hydrogen atom of at least one OH group is replaced 
by a C r C 4 alkyl group or by a C r C 4 hydroxyalkyl group, that is, in particular, 
hydroxyethylcyclodextrins, hydroxypropylcyclodextrins and dimethylcyclodextrins. 

Advantageously, it is recommended to use 5 to 350 parts by weight of component 
(b2) per 100 parts by weight of the active ingredient. 
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Optionally, the hydrophilic excipient according to the invention may contain a third 
component (b3), which is a surfactant with a hydrophilic character. Among suitable 
surfactant compounds, one can cite notably classical galenic surfactants that can be adminis- 
tered orally, in particular, polysorbates, sorbitan esters, polyethers of fatty glycerides, 
lecithins, sodium lauryl sulfate, sodium dioctylsulfosuccinate and their mixtures. 

The quantity of surfactant component (b3) to be used in step (1) is not critical. When 
the said component (b3) is introduced into the pasty mixture to be extruded, this being 
mainly the case of a mixture containing an active ingredient which is not water-soluble or 
water-dispersible, it will be used generally in a quantity of 0.05 to 3 parts by weight per 100 
parts by weight of the active ingredient. 

The active ingredient which is used in step (1) can be liquid or powder, and it can be 
either soluble in water or insoluble in water. When it is in the powder form, its particle size 
range will be between 1 and 1000 fim. Since a very large particle size range (for example, 
greater than or equal to 500 fim) does not permit one to obtain lyophilized microparticles or 
microbeads with a very low size according to the invention, when the active ingredient is 
insoluble in water, it is recommended to use powders of the active ingredient which have a 
particle size range between 1 and 200 fim. One obtains powders with a particle size range of 
1 to 30 fim by micronization with a jet of air and a particle size range from 30 to 200 /im by 
grinding. When the powdered active ingredient is not soluble in water, it will be incorporat- 
ed into the mixture before being extruded, so as to obtain an emulsion, notably of the oil-in- 
water type, the said ingredient being then incorporated in the aqueous phase or in the oily 
phase during the preparation of the said mixture. 

Water is added in step (1) to permit subsequent lyophilization on the one hand and, 
above all, to adjust the viscosity of the pasty mixture, on the other hand: According to a 
characteristic of the invention, it is essential that the pasty mixture that is subjected to 
extrusion have a viscosity less than 1 Pa s. From the practical point of view, it is recom- 
mended that the said mixture, which will be extruded, have a viscosity between 0.1 and 
0.3 Pa s at ambient temperature, that is, a viscosity different from that recommended in 
DE-B-2 725 924 (that is, 0.01-0.02 Pa s, as recalled above). 
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It is important that the said pasty mixture, which contains water and which will be 
extruded, be homogeneous; if necessary, after it is formed, when such a mixture is insuffi- 
ciently homogeneous, it can be "smoothened" by passage through a homogenizing device. 

The extrusion of step (2) is carried out at ambient temperature, as indicated above. 
In other words, in order to have such a temperature, the temperature of the extrusion head 
will be controlled at 15 to 20°C. This extrusion consists in forcing the passage of the pasty 
mixture through an extrusion head which has one or several dies of a given diameter, the 
said extrusion head being subjected to periodic vibrations or oscillations to form spherical 
droplets. 

According to another characteristic of the invention, it is important to solidify the 
droplets relatively rapidly to "fix" them in the form which they have after fragmentation or 
cutting (here by vibrations) at the exit of the extrusion head. Thus, the solidification of step 
(3) is carried out with the aid of an inert gas current (notably nitrogen or argon) having a 
temperature less than 0°C and preferably less than -10°C. The droplets formed by gravity 
(or by excess pressure, which is the same thing) while the gaseous solidifying current goes 
(preferably) countercurrent to the flux (or trajectory) of the said droplets. 

The solidification of step (3) with the aid of an inert gas current constitutes either the 
beginning of the solidification phase of the lyophilization process or the totality of the said 
phase. 

The solidification phase of lyophilization comprises cooling of the mass to be 
lyophilized to a temperature between -18 and -80°C, preferably to a temperature from -30 to 
-50°C. Thus, for example, the inert gas current initiates the solidification by cooling the 
droplets to -12°C, and then complete solidification occurs in the lyophilizer until a tempera- 
ture less than or equal to -18°C is reached (or less than or equal to -30°C, as indicated 
above). On the other hand, if the inert gaseous current cools the said droplets to a tempera- 
ture of -45 °C for example, then solidification in the lyophilizer does not have to be per- 
formed. 
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In step (4), the phase of sublimation of water in the lyophilization technique is carried 
out in the classical manner, with a temperature gradient and a reduced pressure gradient (i) 
to go from the solidification temperature at 1 bar to a temperature of 25-40°C at 0.3 mbar 
(in 1 to 2 hours) and then (ii), to continue sublimation for 10 minutes at 25-40°C at 0.05 
mbar. 

Advantageously, the lyophilization is performed using plates lined with a monolayer 
of solidified droplets. 

The installation of Figure 1, for carrying out the method of the invention, comprises, 
schematically, a mixer 100 equipped with a rotating agitator 101, where the mixture is 
prepared of component (a), the active ingredient, of the components of the excipient, 
including components (bl), (b2) and optionally (b3), and of component (c), water. After 
homogenization, the active ingredient is present in this mixture in the form of a solution, 
suspension of emulsion. 

With the aid of a device 102, mixer 100 feeds a container 103, in which a vibration 
device with periodic oscillation 105 connected to theextrusion head is arranged. These 
vibrations are produced by a frequency generator 104. 

From a die 112, the droplets (not shown) fall by gravity toward the bottom of 
container 103 to form ensemble 106. Under the action of a cold inert gas flow (not shown) 
which is ascending (i.e. circulating countercurrent with respect to the flux of the droplets), 
the said droplets are solidified (for example, at -15°C). With the aid of a device 107, the 
solidified droplets are charged onto a lyophilization plate 108 and then introduced into, 
iyophilizer 109 which comprises notably a tunnel 110 and a cooling device 111 (end of the 
said solidification phase of -18 to -80°C) and heating (sublimation phase). 

Moreover, orifices (not shown) are provided for the removal of the cooling gas flow 
at the top of container 103 and/or laterally at the level of the extrusion head or slighdy 
below. 
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If necessary, the portion of container 103 that contains the ensemble of solidified 
droplets 106, device 107 and plate 108 can be located inside a cooling container (not shown). 

Optionally, if necessary, to avoid disintegration of the droplets on the one hand and 
their agglomeration (among themselves or to the wall), on the other hand, the contents of the 
assembly of elements 106, 107 and 108 or at least one of these (notably 106 and 108) can be 
placed into a fluidized bed. Such a fluidized bed is advantageous for obtaining, in particular, 
filling of the plate 108 in the form of a monolayer of solidified droplets. 

Figure 2 is a diagram illustrating an embodiment of the method of the invention for 
the preparation of microbeads. This diagram includes: 

- at 200, the preparation of the mixture containing the active ingredient (a), the hydro- 

philic components (bl), (b2) and optionally (b3), which is the physiologically 
acceptable excipient, and water; this mixture has a viscosity between 0. 1 and 
0.3 Pa s; 

- at 201, the extrusion of this mixture under vibration to obtain droplets; 

- at 202, isolated droplets 10 falling by gravity; 

- at 203, the solidification of the droplets 10 by means of a countercurrent inert gas 

flow, in order to obtain isolated and solidified droplets 11; 

- at 204, the lyophilization of the isolated and solidified droplets 11, to obtain lyophi- 

lized microbeads 1; this lyophilization includes the continuation of solidifica- 
tion and then sublimation of the water; 

- the lyophilized microbeads 1 obtained at 204 are then either (i) packaged at 205 into 
bottles, or (ii) are coated at 206 with a polymer coat 2 with a continuous wall and preferably 
a porous one and then are directed according to arrow 207 toward packaging, notably into 
bottles as at 205. 

At step (5), coating of the isolated microbeads is performed, if this is preferable, 
these microbeads having been obtained according to the method of the invention by extrusion 
and then lyophilization. As indicated above, the coating of the lyophilizate, as it is done for 
tablets, cannot be realized, even if one knows that one can incorporate coated products into 
oral lyophilizates. On the other hand, it is entirely possible to coat the microbeads, notably, 
in order to mask the taste of bitter and unpleasant products, to prolong or modify the 
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liberation of the active ingredient or to protect active ingredients that are sensitive to external 
degradation agents. 

The lyophilized microbeads can be coated with various gastric-juice soluble agents, 
either in an organic medium or in an aqueous medium, after prior isolation. The coating can 
be done by spraying in a bed fluidized with air, notably of the GLATT or WURSTER type. 

Among the coating agents, one can cite specifically: 

semisynthetic cellulose derivatives, such as, specifically, methylcellulose, 
ethylcellulose, hydroxypropylmethylcellulose, hydroxypropylcellulose phthalate and 
cellulose phthalate/acetate, 

esters of polyacrylic acid and polymethacrylic acid, 

copolymers of ethylene/vinyl acetate, 

polymethylsiloxanes, 

poly aery lamides, 

polyvinylpyrrolidones and poly( vinyl acetate), 

polylactic, polyglycolic acids and their copolymers, 

polyurethane, 

polypeptides, 

etc. 

Coating of a lyophilized microbead with a microporous, semipermeable membrane, 
obtained by incorporation of soluble products in the polymer film, with a continuous wail, 
leads to the formation of a type of elemental osmotic pump without supplemental addition of 
an osmotic agent such as sodium and potassium salt; since, by definition, the lyophilized 
product is very hydrophilic, it has a tendency to absorb water from the exterior when it is 
placed in the presence of water; the water dissolves the active ingredient and it creates an 
osmotic pressure which expels the aqueous solution containing the active ingredient. 

The product dissolved with water leaves the microbead gradually as water penetrates 
into it. Thus, one obtains regular liberation of the active substance. By using an appropriate 
formulation of the oral lyophilizate and with judicious choice of the membrane, one can 
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modulate the liberation of active ingredients "upon demand", which permits efficient 
chronotherapy. 

Figure 3 illustrates schematically the operation of the lyophilized and coated micro- 
beads as osmotic "pumps" or "reservoirs". Microbead 1, which contains here an active 
ingredient in the form of microparticles 3, is coated with a semipermeable coating or 
envelope 2. After oral administration, the water or aqueous body fluids (in the case in 
question, gastric juice), penetrates envelope 2 along arrows 4 and then leaves from it along 
arrows 5 while entraining the active ingredient 3 along arrows 6. This mode of operation is 
suitable when the active ingredient is soluble in water and the body fluids contain water. 

As a variation, one can provide gastric-juice-resistant coating in order to liberate the 
active ingredient in the enteral area. 

BETTER EMBODIMENT 

A better embodiment of carrying out the method according to the invention consists in 
preparing microbeads having a diameter calibrated in the range of 0.1-1.8 mm, by proceed- 
ing as follows: 

(1) preparation (at ambient temperature) of a homogeneous mixture having a 
viscosity between 0.1 and 0.3 Pa s from 

(a) 100 parts by weight of an active ingredient, 

(b) a substantially hydrophilic excipient containing 

(bl) 10 to 350 parts by weight of a polymer component having a molecular 
weight greater than or equal to 10,000 daltons, which swells in water and 
chosen from the group consisting of gum arabic, xanthan gum, polyvinylpyr- 
rolidone, carboxymethylcellulose, cellulose ethers (specifically, methyl-, 
ethyl-, propyl-, hydroxyethyl- or hydroxypropylcellulose), dextran and their 
mixtures, 

(b2) 5 to 350 parts by weight of a water-soluble or water-dispersible compo- 
nent serving as diluent and chosen from the group consisting of lactose, 
glycine, mannitol, glucose, sucrose, maltodextrin, cyclodextrin and its deriva- 
tives, synthetic sweeteners (specifically, aspartame and other analogous 
dipeptides, cyclamates and saccharinates), natural or synthetic aromas and their 
mixtures, and 

(b3) optionally, 0.005 to 3 parts by weight of a surfactant component, and 
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(c) water in a quantity sufficient for obtaining the said viscosity of 0.1-0.3 Pa s; 



(2) extrusion of the mixture thus obtained at ambient temperature (15 °C to 20°C) 
and fragmentation of the extrudate with the aid of vibrations at a frequency of 
50 to 10,000 Hz (these vibrations being applied specifically to the extrusion 
head); 

t3) solidification of the droplets thus obtained, with the aid of a countercurrent 

inert gas flow, while the said droplets are failing by gravity, the solidification 
being continued in a lyophilizer to a temperature of -30°C to -50°C, and 

(4) elimination of the water in the said lyophilizer by sublimation. 

According to this better embodiment, the collection of the solidified droplets by the 
countercurrent is made in the form of a monolayer, and the lyophilization is also carried out 
in the form of a charge of droplets also constituting a monolayer. 

Regarding the utilization of the lyophilized microparticies of the invention, it should 
be pointed out that 

in human and veterinary therapy, notably for warm-blooded animals, such as 
mammals, microbeads, optionally coated (having a diameter calibrated between 0.1 and 1.8 
mm) are recommended, destined to be administered orally; 

in cosmetics, coated microbeads are recommended (having a calibrated diameter 
between 0.05 and 0.5 mm) destined to be incorporated in cream-type, ointment or lotion 
preparations; the coating of the said microbeads may contain collagen (or modified collagen) 
which is cleavable by collagenases contained in perspiration; 

in human dietetics, microbeads or small rods are recommended; and 

in the field of foods, both for humans and animals, little rods are recommended, 
containing an antibiotic, a growth factor, an amino acid, a peptide or one of their mixtures as 
active ingredient. 

Other advantages and characteristics of the invention will be understood better upon 
reading the practical examples which follow, which, nevertheless, do not represent a 
limitation but are given by way of illustration. 
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EXAMPLE 1 



Paracetamol microbeads 



A mixture to be extruded is prepared, having the following formulation: 



Paracetamol 100.00 g 

Dextran 70,000 10.00 g 

Xanthan gum 0.05 g 

Lactose 15.00 g 

Polysorbate 60 0.40 g 

Water 120.00 g 



The lactose, polysorbate 60 and dextran 70,000 are dissolved in the water. Then the 
paracetamol (grain size 50-200 fim) is added, dispersed with the aid of a homogenizer 
operating at an angular velocity of 2000 rpm for 2 minutes. Thus a mixture is obtained 
which has a viscosity between 0.1 and 0.3 Pa s at ambient temperature. 

This mixture is introduced into an extruder, the extrusion head of which has several 
dies, each having an orifice with a diameter of 0.5 mm and each subjected to vibrations at a 
frequency of 100 Hz. The droplets formed are solidified with the aid of a countercurrent 
flow of nitrogen and then brought in the form of a monolayer (during the solidification phase 
of the lyophilizer) at a temperature between -40°C and -45 °C. 

The water in the solidified droplets is eliminated by sublimation by reheating to 
+35°C at a pressure of 0.300 mbar and then, for 10 minutes at +35°C, to a pressure of 
0.050 mbar. 

The lyophilized microbeads thus obtained have an excellent mechanical strength and 
have a particle size of 1.200 mm. 

EXAMPLE 2 Microbeads of probucol 

Starting from a mixture having the following formulation: 



on prepares microbeads in the manner described in Example 1, with the difference that the 
particle size of Probucol is 2 to 10 /xm and the dies have a diameter of 0.6 mm. Thus, 
lyophilized microbeads are obtained with a diameter of 1.5 mm. 



Probucol 

Sodium lauryl sulfate 
Dextran 70 
Lactose 
Water 



100 g 
2g 
13 g 
30 g 
300 g 
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EXAMPLE 3 Microbeads of piroxicam 

Starting from a mixture having the following formulation: 

Piroxicam 2.00 g 

Dextran 70 6.00 g 

Xanthan gum 0.05 g 

Lactose 6.00 g 

Tween60 0.10g 

Water 500.00 g 

microbeads are prepared using the mode of operation described in Example 1, with the 

difference that the particle size of piroxicam is 2 to 5 fim and that the dies have a diameter 

of 0.2 mm. One obtains lyophilized microbeads which have a diameter of 0.500 mm. 



EXAMPLE 4 Microbeads of phloroglucinol 

Starting from a mixture having the following formulation: 



Phloroglucinol 80 g 

Dextran 70 20 g 

Aspartame 2 g 

Mannitol 10 g 

Water 500 g 



lyophilized microbeads are prepared according to the method of operation of Example 3, 
their diameter being 0.500 mm. 

EXAMPLE 5 Tiadenol microbeads 

Starting from a mixture having the following formulation: 



Phase A : 

Tiadenol 100 g 

Polysorbate 60 2 g 

Fatty acid polyethoxy ether 2 g 

Miglyol 812 20 g 

Phase B : 

Dextran 70 10 g 

Lactose 5 g 

Water 50 g 



microbeads are prepared according to the protocol which includes the preparation of the 
mixture of Phase A at 70°C and that of Phase B at 70°C, mixing of A and B, homogenizing 
the resulting mixture using a Turrax-type apparatus, operating at an angular velocity of 5000 
rpm for 5 minutes, introduction of the resulting homogeneous mixture into the extruder and 
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then reproducing the method of operation described in Example 2. The lyophilized micro- 
beads obtained have a particle size of 1.5 mm. 

EXAMPLE 6 Coating 

The microbeads obtained in Example 1 were coated to mask their aftertaste, using the 

following coating solution: 

Ethylcellulose 12.5% by weight 

Lactose 10% by weight 
Dibutyl phthalate 1 % by weight 

Isopropanol 66.5% by weight 

Into an apparatus with a bed fluidized with air of the type GLATT WSG 5, 1 kg of 
microbeads are introduced and the apparatus is heated to 50 to 55 °C so as to have the 
temperature of the coated product as 30-35 °C. The coating solution described above is 
sprayed at a flow rate of 2-4 mg/min and a spraying pressure of 2 bar, for 120 minutes with 
a final drying of 30 minutes. Thus one obtains a coating that represents about 5% by weight 
of the weight of each microbead. The product thus coated has a neutral taste and is suitable 
for oral administration without significant modification of its rate of liberation in the 
stomach. 

EXAMPLE 7 Coating solution 

Using a coating solution having the following formulation: 

Eudragit L 100 7.3% by weight 

Dibutyl phthalate 1 . 5 % by weight 

Talc 1.8% by weight 

Isopropanol 89.4% by weight 

an enteral coating is obtained for the microbeads of Example 2, the coating representing 5 to 

10% by weight with respect to the weight of the said microbeads. 

EXAMPLES 8-12 

By proceeding according to the mode of operation described in Example 1 and 
varying only the frequency of the vibrations, one obtains microbeads of paracetamol having a 
diameter of 1.5 mm, 1.0 mm, 0.7 mm, 0.5 mm and 0.1 mm, respectively, with vibrations of 
50 Hz, 500 Hz, 1000 Hz, 2000 Hz and 10,000 Hz, respectively. 
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EXAMPLES 13-14 Flerobuterol microbeads 

Starting from the following formulations: 





Example 13 


Example 14 


Flerobuterol 


3g 


3g 


Lactose 


25 g 




Beta-cyclodextrin 




30 g 


Dextran 70 


25 g 


25 g 


Sodium saccharinate 


3g 


3g 


Water 


100 g 


100 g 



microbeads are prepared according to the invention. 

Die diameter: 0.2 mm 

Microbead diameter: 0.5 mm 

EXAMPLE 15 Carbinoxamine microbeads 

Starting from the following formulation: 



Carbinoxamine maleate 20 g 

Glycine 20 g 

Dextran 70 10 g 

Aspartame 5 g 

Xanthan gum 1 g 

Water 100 g 



microbeads are prepared according to the invention. 

Die diameter: 0.2 mm 

Microbead diameter: 0.5 mm 

EXAMPLES 16-17 ModafinU microbeads 

Starting from the following formulations: 





Example 16 


Exampli 


Modafinil* 


100 g 


100 g 


Sodium saccharinate 


2g 


2g 


Dextran 70 


10 g 


20 g 


Tween 80 


2g 


2g 


hydroxypropyl-6-cyclodextrin 


100 g 




Lactose or. mannitol 




40 g 


Xanthan gum 


lg 


lg 


Water 


200 g 


200 g 
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(*) Modafinil particle size: 2-5 /zm. 

Microbeads according to the invention are prepared. 
Die diameter: 0.5 mm 

Microbead diameter: 1 mm 

EXAMPLES 18-19 Microbeads of dexfenfluramine 

Starting from the following formulations 

Example 18 Example 19 



Dexfenfluramine* 


300 g 


300 g 


Dextran 70 


20 g 


20 g 


Xanthan gum 


0.5 g 


0.5 g 


Citric acid 


5g 


5g 


Aspartame 


6g 


6g 


Mannitol 


50 g 




Beta-cyclodextrin 




50 g 


Water 


300 g 


300 g 



Note 

(*) Particle size of the dexfenfluramine: 5-10 /im, 
microbeads according to the invention are prepared. 
Die diameter: 0.5 mm 

Microbead diameter: 1.2 mm 

EXAMPLE 20 Microbeads of loperamide 

Starting from the following formulation: 



Loperamide 2 g 

Aspartame 20 g 

Dextran 70 20 g 

Tween 60 1 g 

Xanthan gum 1 g 

Mannitol 20 g 

Water 100 g 



microbeads according to the invention are prepared. 

Die diameter: 0.5 mm 

Microbead diameter:. 1 mm 
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EXAMPLE 21 Microbeads of lorazepam 

Starting from the following formulation 



Lorazepam 


2.5 


g 


Aspartame 


8 


g 


Polyvinylpyrrolidone 


25 


g 


Tween 60 


1 


g 


Xanthan gum 


1 


g 


Dimethyl-fi-cyclodextrin 


40 


g 


Water 


100 


g 



microbeads according to the invention are prepared. 

Die diameter: 0.2 mm 

Microbead diameter: 0.5 mm. 
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PATENT CLAIMS 

1. Method for the preparation of particles which are useful specifically in therapy, each 
particle comprising an excipient which forms a matrix and at least one active ingredient that 
is homogeneously distributed in the bulk of the matrix, the said method being characterized 
by the fact that it comprises the production of dry cores of regular shape, preferably 
spherical shape, by extrusion or forming, followed by lyophilization, and then each dry core 
can be coated, on the one hand, or used in a more complex preparation, on the other hand. 

2. Method according to Claim 1, characterized by the fact that it includes 

- preparation of a pasty mixture having a viscosity less than 1 Pa s, measured 
at ambient temperature (15-20°C), 

- extrusion of the said pasty mixture and cutting of the extrudate thus obtained, 
in the form of wet particles with a size generally between 0.01 and 5 mm, 

- solidification of the said particles by contact with an inert fluid at a tempera- 
ture below 0°C, and 

- drying the said particles thus solidified by cryodesiccation. 

3. Method according to Claim 2, characterized by the fact that the solidification is 
carried out while the wet particles drop in a cooled gaseous fluid that circulates countercur- 
rent to them. 

4. Method according to Claim 1, for the preparation of particles, each comprising an 
excipient, forming a matrix and at least one active ingredient homogeneously distributed in 
the bulk of the said matrix, the said process, which comprises extrusion operations followed 
by lyophilization, being characterized by the fact that it comprises the steps consisting of: 
(1) preparation of a homogeneous mixture from 

(a) at least one active ingredient, 

(b) a physiologically acceptable hydrophilic excipient, and 

(c) water, 

so as to obtain a pasty mixture which has a viscosity less than 1 Pa s measured at 
ambient temperature (15-20°C); 
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extrusion of the homogeneous mixture thus obtained and cutting of the extrudate to 
obtain wet particles; 



(3) solidification of the said particles thus obtained while they fall by gravity in an inert 
gas flow having a temperature less than 0°C; and 

(4) drying the said particles by cryodesiccation. 

5. Method according to Claim 4, characterized by the fact that the extrusion is carried 
out at ambient temperature (15-20°C). 

6. Method according to Claim 4, characterized by the fact that the pasty mixture 
containing water has a viscosity between 0.1 and 0.3 Pa s at 15-20°C. 

7. Method according to Claim 4, characterized by the fact that the hydrophilic excipient 
(b) contains two essential components: 

(bl) a polymeric component which has a molecular weight greater than or 

equal to 10,000 daltons, swells in the presence of water, and 

(b2) a water-soluble or water-dispersible component serving as diluent. 

8. Method according to Claim 7, characterized by the fact that component (bl) is a 
substance chosen from a group comprising gum arabic, xanthan gum, tragacanth gum, 
alginates, pectinates, polyvinylpyrrolidone, polyethylene glycols, cellulose, carboxymethyl- 
cellulose, cellulose ethers, carboxymethylchitin, dextran, chitosan, gelatin, acrylic and 
methacrylic polymers and copolymers, colloidal silica and their mixtures. 

9. Method according to Claim 7, characterized by the fact that component (b2) is a 
substance chosen from a group consisting of sugars and dextrins. 

10. Method according to Claim 7, characterized by the fact that component (b2) is chosen 
from a group comprising lactose, glycine, mannitol, glucose, sucrose, maitodextrin, 
cyclodextrin and its derivatives, synthetic sweeteners, natural or synthetic aromas and their 
mixtures. 
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11. Method according to Claim 4, characterized by the fact that in step (1) one uses 
(a) 100 parts by weight of an active ingredient, 

(bl) 10 to 350 parts by weight of a polymer that swells in water, and 
(b2) 5 to 350 parts by weight of a substance chosen from sugars, dextrins and their 
mixtures. 

12. Method according to Claim 4, characterized by the fact that in step (1), one also uses 
<b3) a surfactant component, specifically at a rate of 0.05 to 3 parts by weight of 

the said surfactant component per 100 parts by weight of active ingredient. 

13. Method according to Claim 4, characterized by the fact that the solidification in step 
(3) is initiated by the said inert gas current circulating countercurrent to the trajectory of the 
wet particles then continued to a temperature in the range from -18 to -80°C (preferably -30 
to -50 °C) in a lyophilizer. 

14. Method according to Claim 4, characterized by the fact that it also comprises, after 
step (4), a step consisting of: 

(5) coating each of the lyophilized particles thus obtained, inside a polymer membrane with 
continuous wall. 

15. Method according to Claim 4, characterized by the fact that it comprises the steps 
consisting of 

(1) preparation of a homogeneous mixture at ambient temperature having a 
viscosity between 0.1 and 0.3 Pa s from 

(a) 100 parts by weight of an active ingredient, 

(b) a substantially hydrophilic excipient containing 

(bl) 10 to 350 parts by weight of a polymer component having a 
molecular weight greater than or equal to 10,000 daltons, which swells 
in water and is chosen from a group comprising gum arabic, xanthan 
gum, polyvinylpyrrolidone, carboxymethylcellulose, cellulose ethers, 
dextran and their mixtures, 

(b2) 5 to 350 parts by weight of a water-soluble or wateir-dispersible 
component serving as diluent, chosen from the group consisting of 
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lactose, glycine, mannitol, glucose, sucrose, maltodextrin, cyclodextrin, 
and its derivatives, natural or synthetic aromas and their mixtures, and 
(b3) optionally, 0.005 to 3 parts by weight of a surfactant component, 
and 

(c) water in a quantity which is sufficient to obtain the said viscosity of 0.1-0.3 
Pas; 

(2) extrusion of the mixture thus obtained, at ambient temperature (15-20°C) and 
fragmentation of the extrudate in the form of droplets using vibrations at a 
frequency of 50 to 10,000 Hz; 

(3) solidification of the droplets thus obtained, using an inert gaseous flow in 
countercurrent, while the said droplets fall by gravity, the solidification being 
pursued in a lyophilizer up to a temperature of -30°C to -50°C; and 

(4) elimination of the water in the said lyophilizer by sublimation. 

16. Extruded and lyophilized particle, characterized by the fact that it is obtained 
according to the method of any of Claims 1 to 15. 

17. Particle according to Claim 16, characterized by the fact that it contains 

(a) 100 parts by weight of an active ingredient, and 

(b) a substantially hydrophilic excipient which contains 

(bl) 10 to 350 parts by weight of a polymer component having a 
molecular weight greater than or equal to 10,000 daltons, which swells 
in water and is chosen from the group consisting of gum arabic, xan- 
than gum, polyvinylpyrrolidone, carboxymethylcellulose, cellulose 
ethers, dextran and their mixtures, 

(b2) 5 to 350 parts by weight of a water-soluble or water-dispersible 
component which serves as diluent and is chosen from the group 
consisting of lactose, glycine, mannitol, glucose, sucrose, maltodextrin, 
cyclodextrin and its derivatives, synthetic sweeteners, natural or syn- 
thetic aromas and their mixtures, and 
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(b3) optionally, 0.05 to 3 parts by weight of a surfactant component, 
and their mixtures, 

and by the fact that it is in the form of a microbead having a diameter of 0.05 to 3 mm. 

18. Particle according to Claim 16, characterized by the fact that it was coated according 
to the method of Claim 14, the said particle under consideration together with its coating, 
constituting an osmotic reservoir. 

19. Particle according to Claim 16, characterized by the fact that the active ingredient that 
it contains is chosen from the group consisting of paracetamol, probucol, piroxicam, 
phloroglucinol, tiadenol, flerobuterol, modafinil, dexfenfluoramine, carbinoxamine maleate, 
loperamide, lorazepam, and their mixtures. 
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(57) Abstract 

A method for preparing particles each of which consists of a carrier forming a matrix, and at least one active ingredient uniformly 
distributed throughout said matrix. The method comprises extrusion and ireeze-drying steps, wherein 1) (a) at least one active ingredient, 
(b) a physiologically acceptable hydrophilic carrier, and (c) water are uniformly mixed to give a pasty mixture with a viscosity at room 
temperature (15-20 0 O of under 1 Pa.s; 2) the resulting uniform mixture is extruded and the extrudate is broken up into moist particles; 
3) the resulting particles are frozen as they fall under their own weight into an inert gas stream at a below-zero temperature; and 4) said 
particles are freeze-dned. 

(57)Abrege 

La presents invention concerne un procexte pour la preparation de particules comprenant chacune un excipient formant une ma trice et 
au moins un ingredient actif rfgulierement reparti dans la masse de ladhe matrice, Iedit pTOced£, qui comprend les operations d'extrusion 
puis de lyophilisarion, etant caractens^ en ce qu'il comprend les etapes consistant dans: 1) la preparation d'un melange homogene a partir 
(a) d'au moins un ingredient actif, (b) d'un excipieot hydrophile physiologiquement acceptable, et (c) d'eau, de facon a obtenzr un melange 
pateux ayant une viscosite, mesuree a la temperature ambiante (15-20 °Q, mferieure a 1 FVls; 2) 1* extrusion du melange homogene, ainsi 
obtenu, et la decoupe de 1'extrudat pour obtenir des corpuscules humides; 3) la congelation desdits corpuscuks, ainsi obtenus pendant qu'ils 
tombent par gravity dans un courant gazeux inert© ayant une temperature mferieure a 0 °C; et 4) la cryodessiccatian desdits corpuscules. 



UNIQUEMENT A TTTRE D'lNFORMATIOtf 



Codes utilises poor identifier les Etais parties an PCT, sur les pages de 
des demandes mtemadooalcs en vertu du PCT. 



couverture des brochures pabtiant 



AT 

AD AuEtnik 

BB Barbate . 

' BE 

BF BuriduFM 

BG . ' Bolgsie 

BJ Benin , 

BE '.-.'BfAfl:- 

BY Batrai 

CA : ; Con&ds ' 

CT _ Republ 

: OG • - : CocgoV ■ 

CH SuisK 

CI Coted*Ivoirc 

CM Cameroon 

CN Onne 

CS Tcbeccalcvaquie 

CZ ^Re^ubtiqiietcheque 
DE 
DK 



FI 
FR 
GA 



Rnlaode 

France 

Gabon 



GB 

GE 
GN 
/ GiV 
HU 
■' • EE 
IT 
JP 
KE 
KG 
KP 

KR 
KZ 
LI 

IK 
LU 
LV 
MC 
MD 
MG 
ML 
MN 



Royaume-Uoi 
Giorgie 



Grtce 
Hoogne 



Kay* ^ 

Krr ght t liMjj i *» 

Rfipobiiqiie populate dteocraflque . 
de Corte 

Republiqoe de Corte 
Kazaldtstoo 



Sri I 
■■' Luxembourg 

Monaco 

JUpoblique de Moldova 



Mali 

Mongolie 



MR 




MW 


Malawi 


NE 


Niger 


NL 


Pays-Baa 


NO 


Noivege 


NZ 


NoovcUe^Zfiande 


PL . 


Potogne 


FT 


Porta**! 


RO 


Rounasic 


RU 


Federation de Rossi 


SD 
Sfi 


Soudan 


SI 


Suede 
Sk»*cje 


SK * 


Sk>v»qu*e 


SN E 


Senegal 


TD 


Tcnad 


TG 


Togo 


TJ 


Tadjikistan 


IT 


TiixrtoMTobago 


UA 


Ukraine 


US 


Etan-Ums d'Amsnq 


UZ 


Ouabeiistan 


VN 


Viet Nam 



WO 94/21371 



1 



PCT/FR94/00281 



PROCEDE DE PREPARATION DE PARTICVLES RENFERMANT 
UN INGREDIENT ACTIF PAR EXTRUSION ET LYOPHIUSATION 

La presente invention a trait a un nouveau precede de preparation de 
5 particules isoldes, qui renferment chacune au moins un ingredient actif utile en 
th6rapeutique, cosmetique, dietetique ou alimentation, par extrusion puis 
lyophilisation. 

Elle concerne egalement en tant que produits industriels nouveaux lesdites 
particules constitutes par une association intime d'un excipient physiologiquement 
10 acceptable et d'au moins un ingredient actif et obtenues selon ledit precede par 
extrusion puis lyophilisation. 

Ces particules, qui sont denomm&s ci-aprfcs "microparticules" et qui ont 
une dimension maximale comprise entre 0,05 mm et 5 mm, sont obtenues 
sensiblement sous la forme de batonnets ou, mieux, sous la forme de spheres 
15 (egalement denomm&s "microspheres", "perles", "billes" ou ,, mic^obilles ,, ). 
ARTANTERIEUR 

On sait que Ton a d6jk obtenu pour usage therapeutique ou alimentaire des 
microparticules par (i) extrusion, k une temperature en general supdrieure ou egale 
k 45°C, d f un melange intime d'un ingredient actif et d'un excipient 

20 physiologiquement acceptable fusible, k travers une tete d'extrusion comportant 
une ou plusieurs filifcres, (ii) dfcoupe, au niveau de chaque filifcre, de 1'extrudat 
resultant notamment au moyen d'une lame ou au moyen de vibrations periodiques, 
et (iii) sechage des particules resultantes, tombant en general par gravite, au 
moyen d'un gaz inerte ascendant (i.e. circulant k contre-courant du trajet des 

25 ... particules). Voir k cet effet la demande de brevet europeen publiee EP-A-0204596 
qui d6crit 1'obtention de bitonnets cylindriques (cf. colonne 4 lignes 52-57), d'une 
part, et la demande de brevet europeen publiee EPA-0 438 359 et lai demande de 
brevet allemande publiee DE-B-2 725. 924 ("Auslegeschrift") qui decrivent 
1'obtention de microparticules sphSriques par extrusion sous vibrations (notamment 

30 d'une frequence de 200-400 Hz ou de; 1800-2500 Hz selon DE-B 2 ^725 924), 
d'autre part. D'autres modalites de la technique d'extrusion figurent dans le brevet 
americain, delivre US-A-2 918 411 et li'demahde de brcvereuropeenipubliee EP- 
A-0 465 338. . \:,,"v V , .-:";>' 

Selon Tart anterieur precite, ~1 'excipient comprend ou est essentiellement 

35 constitue par un materiau lipidique, d£ preference non hydrosoluble, qui est fusible 
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et qui va intervenir en tant que solvant de l'ingnSdient actifii Ce ina^riau lipidique 
est requis pour obtenir des microparticules de forme regulierer notamment des 
microbilles, qui. ^'adherent ni, ne s'agglomerent • entrei?eHes :au: cours de la 
solidification. Selon ledit art anterieur, on chauffe ledit materiau lipidique pour le 
fondre, .introduit dans la masse fondue r6sultante 1 Ingredient actif et, le cas 
6cheant,.les autres composantsde l'excipientphysiolQgiquement acceptable pour 
former un melange ayant une viscosite* suffisante finftrieure a 60 cP (i.e. 
0,06 Pa.s) et de preference-comprise entre 10 et 20 cP (i;eV 0,01 et 0*02 Pa.s) ; 
selon les indications foumies, dans DE43-2 725 924 colonne 3, lignes 52-57] a la 
temperature de la tetcd'extrusion; et, . precede a la decoupe de l'extrudat (a la 
sortie de la t6te-d'extrusion)fau moyen d'une lame ou couteau (obtention de 
bStonnets) ou de vibrations periodiques (obtention de microspheres) pour former 
des gouttelettes que 1'on solidifie, en general, au moyen d'un contre-courant de 
gaz inerte tandis qu'elles tombent par gravity. ; 
15 En particulier, EP-A-0, 438 359 rappelle (voir page 2, lignes 25-29) que 

l'utilisation d'un contre-courant ou jet gazeux tres froid (rl0°C a -20°C) sur le 
courant de microparticules presente l'inconvement- d'augmenter la viscosite du 
produit que l'on yeut spUdifier et par suite . de ralentir la cristallisation de 
ringredient actif. Aussi, EPrA-0 438 .359 precbnise la mise en oeuvre d'un 
20 re^roid^sMmeRtquj.%'est pasaussi intense (voiripage^ lignes 30-31):«t l'utilisation - ' 
d'un lit fiuidise" au niveau du receptacle des microparticules pour maintenir en 
fluidisation les microspheres non encore entierement solidifiees. 

II convient egalement de remarquer que US-A-2 918 411 prevoit la 
soUdificatipn a la temperature ambiante de la masse fondue (ce brevet utilise 
25 l'expression "congealed mass" colonne 2, ligne 28 ou "congealed" a le sens de 
"solidifie", aihsi que cela ressprt des modalites operatoires donnees a I'exemple 1 ; 
voir a cet effet, colonne 3, Ugnes 67-68, ou figure l'expression : "the congealed 
mass is cooled to room temperature"). 

L'utilisation d'une masse pateuse contenant de .l'eau va manifestement a 
30 l'encontre de l'enseignement de l'art anterieur relatif a la technique d'extrusion et 
illustre par les documents: DE-B-2 725 924, TJS-A-2 918 411, EP-A-0 438 359, 
: ; EP-A^ 465 338 etEP-A-0 204.596 precites. - 

; i Qn sait que la lypphilisation est un cas particulier de. la. cryodessiccation, 
■lorsque le solvant d'un materiau que l'on veut eliminer est 1'eau. La lyophilisation 
35 comprend une phase dite de congelation puis une phase dite de sublimation au 
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cours de laquelle l'eau que Ton veut dimmer est chassee par rechauffement sous 
pression nsdiiitei^'-La technique de lyophilisation est bien connue et peut etre 
notamment ciHastffe paroles brevets EP-B-0 159 237, US-A-4 178 695, 
US-A-4:490 407 et US-A-4 883 507. 
5 Les brevets US-A-4 490 407 et US-A-4 883 507 decrivent en particulier 

Tobtention de micrpparticules, enrobeeS et spheriques,' ayant un diamfetre compris 
dans 1'intervalk: de 10^120 /xm (selon US-A-4 490 407) ou tie preference inferieur 
k 1 /iinv (selon; US-A-4: 883 507), par ndbulisation, s&Kag<au moyen d'un courant 
gazeux- puis , (a) lyophilisation dans des alveoles d'une v composition aqueuse 

10 - untenant lesdites rrticroparticules enrob&s (voir US-A-4 490 407 colonne 3, 
; UgneSil-3 et colonne:4, lignes 32r33) ou <b) recueil sufc un filtfe cbnstitue d'une 
masse poreuse aux gaz et obtenue par congelation, broyage, sublimation du 
solvant et compression (voir US-A-4 883 507 de la colonne 10 ligne 30 k la 
colonne 11 ligne 26). ^ , 

15 On sait par;ailleurs que 1^ lyophilisation pr&ente un certain nombre 

d'avantages. Elle permet de conserve* les earacteristiques initiates des ingredients 
actifs ou celles qui ont 6t6 61abor^es au cours de leur fabrication, d'une part, et de 
proteger les ingredients actifs des alterations dues k la chaleur et k l'eau (en evitant 
, ; notamment les reactions d'hydrolyseetd'oxydation), d'autre part. 

20 EUeF -toeiiorer :to^ actifs, en 

particulier k deux niveaux : ; i r ; 

- la stabilite chimique qui evite Talteration des molecules pr6sentes 
sous forme de fines particules actives, et 

- la stabilite physique qui evite la ddnaturation des earacteristiques 
25 ' de la forme obtenue, ladite denaturation entrainant un ralentisse- 

ment de la liberation de l'ingredient actif et une modification des 
propriety organoleptiques (telles que la consistence et le gout), un 
tel inconvenient constituant une geiie eii ce ; > qtri concerne 
1'observance (i.e. le suivi et le respect de la posologie prescrite) et 
30 par suite Tefficadte de lUngredient actif. 

La lyophilisation pefmet aussi' d'eviter les transformations physiques des 
produits sees aprfcs le depart du solvant (ici l'eau), telles que les recristallisations 
et polymorphismes comme cela est souvent le cas dsais une evaporation 
liquide/vapeur par la chaleur, d'une part, et d'obtenir k partir de substances k 
35 : dissolution lente, des preparations plus facilement solubles dans l'eau, d'autre 
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part. Ainsi lors de la phase de sublimation, qui intervient dans la lyophilisation 
pour eliminer l'eau, les molecules dissputes ne s'agglomferent pas pour former des 
cristaux, comme cela est le cas lors de l'^vaporation, et £p;pduit sec obtenu reste 
en theprie aussi diyis6 qu'il 1'gtait dans la solution. initiate/ y.~. * 

La lyophilisation permet en outre llassociation de substances incompatible 
sur le.plan physico-chimique en solution . De ce. point de yue, elle permet le 
rempjacement de . ..cpnposi^s .effervescentes,, , notamment les comprint 
efferyescents, parde^ lyophilisats. , . ., . , , ........ . 

. , ■ .^,lyopMlis»tion contribue au traitement-de surface des .particules 
pour augmepter^ hydrophile. Ainsi, les lyophilisats praux a base 

d'ingrSdients > actifs, normalement>solubles ou peu solubles dans .l'eau, donnent 
dans ]!eau une suspension, dans,. laquelle ; ils. se retrouyent dans -l'&at, conferes 
initialement a la suite de traitement tels que micronisation, dispersion, traitements 
de surface, etc. De plus, la , structure poreuse des lyophilisats empeche 
15 l'agglomeration des. Darticules .lors-.-^wje, ciisperaon desdits -lyophilisats dans 
Teau : rintegrit* de la granulomettie de depart est respectee et, les phenomenes 
electrostatiques particulierement genants sont elimines. 
BUT DEL 'INVENTION 

n existe un, besoin d'ameTiprer k biodisrwm^iU^des ingredients actifs, qui 
20 sont conditionnes sous une forme geom&rique ^egulie^ ^ ^i^i?t^v'ilnatricm; 
;. ^'P*^ 0 ?* Physiologiquement , acceptable, renfermant dans sa. masse lesdits 
ingredients actifs et qui est obtenue par extrusion. 

n existe egalement un besoin de fournir des particules matricielles du type 
precit6 qui presentent les avantages des lyophilisats. 
25 , A fe i .suivant l-invention, on se propose de fournir une nouvelle solution 

techmque rnetent en oeuvre une extrusion et une lyophilisation, pour satisfaire les 
besoins : .precites etpbtenir des particules de forme geometrique reguliere presentant 
les avantages conferes par la lyophilisation. Cette nouvelle solution technique, qui 
comprend l'extrusion d'un mdlange pSteux contenant de l'eau, va a l'encontre de 
30 l'enseignement de l'art anterieur en ce qui conceme les modalites d' extrusion, 
, suivant lesquelles il fellait (i) iyiter. la presence d'eau dans.le materiau que l'on 
voulait extruder, et (ii) faire appel en consequence a un materiau lipidique fusible 
dans lequel y$gg6dfatai$f. a^sdu>ffis6, pour obtenir apres solidification des 
. particules de forme geometrique reguliere. 
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Selon tin premier aspect de 1' invention, Ton se propose de fournir un 
procede l d£ preparation de particules isolees et geometriquement regulieres, 
chacune 'du type matrice d'excipient renfermant dans sa masse au moins un 
ingredient actif, ledit precede evitant l'agglomeration desdites particules entre elles 
5 ou avec les parois de leur receptacle au cours de leur formation: 

- Selon un second aspect de 14nventi6n7 Tbrf se propose de fournir des 
particules obtehues selon ce proc6d^ k savbir ? par extrusion d'iih melange p&teux 
contenant de l'eau puis lyophilisation, les&tbs particules renfermant chacune au 
moms un ingredient thdrapeutiquement, *cosm&tiquement, dietetiquement ou 
10 ■ alimentairement actif qui est utile tarit chez 1' horn me qtie chez r animal. 

Selon un troisieme aspect de ririveritibn, Ton se propose de fournir un 
procede de conditionnement suivant lequel on revet chacune desdites particules 
d'un enrobage polymere k paroi continue. La technique d'enrobage utilisee suivant 
T invention est, comme on le vena plus loin, diffdrente de celle de l'enrobage des 
15 comprint non applicable ici cu dgard aux dimensions et surtout k la porosite des 
lyophilisats. ! r [y: ; ' 

OBJETDE L'INVENTION 

Le but de 1' invention est atteint grace k une nouveile solution technique 
. pour la preparation de particules matricielles par extrusion ou formage puis 
20;^ : ^ly9phms^onv^^:'"' ^«-.ui-*W-. ' 1 *'•''•* 

L ! on pnSconise suivant Tinyention un pnx^e pbur la preparation de 
particules utiles notamment en thdrapeutique, chaque particule comprenant un 
excipient formant une matrice et au moins un ingredient actif rgguliferement rdparti 
dans la masse de la matrice, ledit procede 6tant caractdrise en ce qu 'il comprend la 
25 realisation de noyaux sees de forme r£guiifere, de preference spherique par 
extrusion ou formage puis lyophilisation, chaque noyau sec dtant ensuite 
susceptible d'etre enrobe, d' une part, et susceptible d'intervenir dans une 
preparation plus complexe, d'autre part. 

Ce precede comprend, selon une variante de mise en oeuvre, plus 
30 particulifcrement 

• la preparation d'un "melange piteux ayant une viscosite, mesureekla 
temp6nature ambiante (15-20°C), inferieure k 1 Pa.s, 
" - I'extfusibn dudit melange piteux et la decoupe de l'extrudat, ainsi 
obtenu, sous forme de corpuscules humides d l une taille generalement 
35 comprise entre 0,01 et 5 mm, 
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- la congelation desdits corpuscules par contact ayec,un,fluide inene a 
une temperature infgrieure a 0°C, puis 

- le sechage ; desdits corpuscules, ainsi conieles^par c^wjessiccation. 
La congelation est realisee au cours de la, chute des corpuscules humides 

5 dans un fluide gazeux refroidi circulant de preference a contre-cqurant. 

L'on prea>nise egalement suivant ^invention, cn rant que produit industriel 
les particules, 6yentueUenient enrobees a l'imerieur d'une membrane polymere a 
paroi continue, qui ont €\& obtenues selon ledit precede et qui ont une dimension 
maximale comprise entre 0,05 et 5 mm. ■ . 
10 BREVE DESCRIPTION DES DESSINS •,. 

Les dessins. joints en annexe, ne sont pas limitatifs mais illustrent d'autres 
avantagesetcaracterisnquesde Invention. ; 
Plus precis6ment :, , ., , .... „ . ; 

- la figure 1 represente schdmatiquement une. installation permettant de mettre en 
15 oeuvre le proce^^ de preparation de rinyen^^ . . 

- la figure 2 represente sous , forme, de diagramme un mode de. mise en oeuvre du 
proc6de de l'invention ; et 

- la figure 3 represente sch^matiquement une particule suivant l'invention (ici une 
micrpbille) obtenue par extrusion, lyophilisation puis enrobage. : ;? 

20 DESCRIPTION D^E£AILL£E, DE L'lNyENTIONy f V -;...- r Y ?j 

r Le precede suivant l'invention pennet d'obtenir des particules (dites ici 

• , micropa^ticules' , ) de forme geom&rique .reguliere du type matrice d'excipient 

contenant dans sa masse au moins un ingredient actif . 

Le proce^ selon l'invention pour la preparation de particules comprenant 
25 , chacune un l excipient formant une matrice et au moins un ingredient actif 

regulierement reparti dans la masse de ladite matrice, ledit precede, qui comprend 

les operations d 'extrusion puis de lyophilisation, est caractense en ce qu'il 

comprend les etapes consistant dans : 

(1?) U preparation d'un melange homogene a partir : . 
30 ..... , (a) d'au moms im ingredient actif, • 

( b ) Q " un excipient hydrophile physiologiquement acceptable, et . .- 

(c) d'eau, .... • ,. } ., .. ..... , ; , .. 

. , de facon a obtenir un melange paieux ayant une viscosite, mesuree a la 
temperature ambiante. (15-20 o C), inferieure a 1 Pa,s ; 
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(2°) Textnision du melange homogene. ainsi obtenu, et la decoupe de Textrudat 

pour obtenir des corpuscules humides ; 
(3°) :a cong&htfon desdits corpuscules, ainsi obtehus, pendant qu'ils tombent 
par gravite dans tin courarit gazeux inerte ayant une temperature inferieure 
5 '< :T aO°C ;et, * • ~ " • ■■ :; '" /: '- J 

(4°) le sechage desdits corpuscules ciyodessiccation. 
1 , Le cas &heant; le proc6d6 suivarit V invention t comprend en outre l'&ape 

■ o r: consistant & : * ? > . 

(5 °) enrober chacune des particules lyophilis^es (i.e. les corpuscules sdchds par 
10 cryodessiccation) k l'int&ieur d'line membrane poiymfere ^ paroi continue. 

Ldrs de la forination des microparticules, Textrudat (d6nbmm6 "paraison" 
par l'homme du metier) est fragment^ par voie m6cahique k la sortie de la tete 
d'extrusion qui peut comprendre une ou plusieurs filiferes. La fragmentation peut 
etre effectuee aii moyen d'un couteau rdtatif ou d s une lame pivotant en va-et-vient, 
15 afin d* obtenir dds bitohnets sensiblemeht cylindriques; elle pfeut etre realisee 
6galement au moyeiri de vibraitiorisV afinr'd'ioBteriir des microbiilfcs sensiblement 
spheriques. 

* Selbn une variahte, on bbtient des batonneits cylindriques ayant, notamment 
comme dans 1'art ant&ietir, line longueur de l k 5 mm et uh diamfetrede 1 k 

20 1,5 mm, k partir de filiferes ■ &railaires; " d^nd u j&ft* r et "des batdnnets 
approximativement cylindriques ou oblongs iyant notammehi uhe lbngueur de 1 k 
5 mm et une gpaisseur de 1 k 1,5 mm, k partir de filiferes allongees, d' autre part. 
La fragmentation ou decoupe est dans ce cas effectuee au rrioyen d'un couteau ou 
lame obturant, selon la periodicite retenue, iesdites filieres. Qirind 6n utilise des 

25 filieres allongees, il est possible de prevoir un ou plusieurs iaffaiblissements de 
mature sur au v moihs une surface des batonnets afin d' obtenir des produits 
secablesJ ■ - v ' v v ' •-■ 

Selon une autre variante, les microbilles sont obtenues par des vibrations ou 
oscillations p&iodiques de la tete' d'extrusibinr ou de sa ( ou de ses filiferes. Ces 

30 vibrations ou oscillations periodiques ont une frequence notamment comprise entre 
50 Hz et 10 000 Hz Voirei meme sup&ieure -k l 10 000 Hi ; elles permettent de 
fractionner le flux de Textrudat sonant de la tete d'extrusion stiivant des volumes 
identiques dormant des microbilles ayant Uh dikmfetre calibr6 final (i.e. apres 
lyophilisation) coriipris entre 0,05 et 3 nim et de preference cbmpris entre 0,1 et 

35 1,8 mm. 
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Comme suivant l'invention, on prdfere les . microbilles!; plutot que les 
batonnets, ce qui suit concerne, sauf -indications., contraires, 5; essentiellement 
1' elaboration des .microbilles, J'ensdgnei^t : ..reIatir/.a^di^ 3 ^iciobilles etant 
directement transposable aux batonnets. .•• .v. : L; v • 

5 , A lietape (If) par expression "excipient substantiellement hydrophile", on 

entend le fait que 1 'excipient hydrophile. intervient dans le: melange homogene a 
extruder; selon une quantity supeneure ou egale a 5 % en poids par rapport au 
poids dudit. melange, .? l'ensemble. excipient- hydrophile/eau reprtsentant une 
quantity supeneure ou dgaleia^lS ; % en poids par rapport audit" melange. En 
10 d'autres.termes,; l'excipient formant la : matrice des microbilles est soit totalement 
consume - d'un excipient hydrophile (cas general), soit comprend une association 
d'un excipient lipophile etd'un excipient. hydrophile (cas.particulier d'une matrice 
elaboree a partir d'une suspension du type huile-dans-eau). 

L'excipient hydrophile (b) comprend deux composants essentiels : 
15 • : . j (hi) un composant polymere ayant un poids moleculaire 

. superieur ou egal a 10 000 daltons, gonflant en presence 
• : . . .\~ ; : : d'eau, et - ; . ?. .. - . •■ ■•• ....... 

. ^ (b2) un composant hydrosoluble ou hydrodispersable 
servant de diluant. . ; . /^r.v 
20 OTI!!9^^1)..f.mi^ejit5.eii ! ;^pt qu'agent liant : au- niveap de !a: 

formation des micrppaxticules ou microbilles, d'une part, et en tant qu'agent 
/ facilitant la desintegration desdites microparticules pu microbilles apres 
lyophilisation au moment de leur utilisation au contact de l'eau ou d'un milieu 
. aqueux, d 'autre part. 
25, De fecon pratique, ledit composant (bl) sera une substance ayant un poids 

:. moleculaire eleve, notamment superieur a 10 000. daltons et appartenant a 
1'ensemble des colloides et polymeres gonflables en presence d'eau, d'une part, et 
- leurs melanges, d'autre.part. De facon avantageuse, ledit composant (bl) sera une 
..- substance choisie parrni l'ensemble constitu6 par la gomme arabique, la gomme 
30 ... , xanthane, la .; . gomme , adragante, : les : alginates, les , pectinates, la 
polyvinylpyrrolidone, les : poly^thyleneglycols," la cellulose, la carboxymSthylcel- 
lulose, les Others de cellulose, la (^oxym^thylchitine; le dextrane, le chitosane 
(qui est obtenu par desac&ylation totale ou partielle de la chitine), la gelatine, les 
polymeres et copolymeres acryiiques et methacryliques, la silice colloidale et leurs 
35 melanges. . • 



WO 94/21371 



9 



PCT/FR94/00281 



De- preference, on fera appel a un composant (bl) choisi parmi l'ensemble 
constitue-par li : g6mme arabique, la gomme xanthane, la polyvinylpyrrolidone, la 
carboxymetfcy&aiulose, les ethers de cellulose (notamment la methyl- ethyl-, 
propyl-, hydroxyethyl- ou hydroxypropycellulose), le dextrane et leurs melanges. 
5 De fa?oh avantageuse, on pr6conise d-utiliser 10 & 350 parties en poids de 

composant (bl) pour 100 parties ^eri poids d' ingredient atetif. 

Le ; .composant * (b2). intervierit^ en > taint ( > que diiuant (ou ballast) 
/ physiologiquement- inerte del'ingredient- actif 1 et sen pour la cohesion des 
;Tmcroparticules ou microbilles tors de' la : i formation et de leur stockage avant 
10 - l utilisation; Eri d'autres termes, ir contribiie k donrier dii ' corps" auxdites 
- microparticules ou microbilles, :dfcs lors que la teneur en ingredient actif presente 
dans Lie mat&iau lyophilis£ final peut etre faible; Eu egard k son caractfcre 
hydrosoluble ou hydrodispersable, le composant (b2) a une action favorable sur la 
disintegration desdites micropamcules ou microbilles lyophilisees. De fagon 
15 avantageuse; ledit composant (1)2)^ sera tine* substance choisie parmi l'ensemble 
constitue paS* les sucresv les dextrihes^et le\irs melanges. 

De preference, on fera appel k un composant (b2) choisi parmi l'ensemble 
constitue par le lactose, le glycocolle, le mannitol, le glucose, le saccharose, la 
maltodextrine, la cyclodextrine et ses derives, les edulcorants de synthase 
20 (notaanment^ l-aspart^nii et l^ 'autres ;r di^ cyclamates et les 

saccharinates), les arbmes naturds ou synth6tiques, et leurs melanges. 

Par •"cyclodextrine" on entend ici tout compost du type cycloamylose [voir 
Merck Index, (1989), life Edition, page 425, entr6e "Cyclodextrins w (No 2724)], 
en particulier 1'cr-cyclodextrine ou cyclohexaamylose de formule brute 
25 C 36 H 60°30» la ^-cyclo^** 1 ™ 6 ou cycloheptaamylose de formule brute 
C42H70O35, et la 'ZT-cyclodextrine ou cyclooctaamylose de formule brute 

C 48 H 80°40- • ; ^ ' . 

Par w ddriv6s de cyclodextrine", on -entend ici tout compose cyclodextrine 

dont un au moins des groupes OH est £th6rifi6 ou est6rifi6: Lesdits derives de 
30 cyclodextrine englobent notamment les 6thers dans lesquels 1'atome d'hydrogfcne 

d'au moins un groupe OH, est remplace par un groupe alkyle en Cj-C 4 ou 

hydroxyalkyle en CJ-C4, k savoir eh *particulier les hydroxy&hyl-cyclodextrines, 

hydroxypropyl-cyclodextrines et dimethylcyclodextrines. 
... * De fa?on avantageuse, on preconise d-utiliser 5 k 350 parties en poids de 
35 composant (b2) pour 100 parties en poids d'ingrddient actif. 
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Le cas echeant, l'excipient hydrophile suivant 1'invention peut componer 
un troisieme composant (b3) qui est un agent tensiq-actif de. caractere hydrophile. 
Parmi les composes tensio-actifs qui conyiennent, on peu^ citer^notamment les 
tensio-actifs classiques en gatenique et pouvant etre admimstris par voie orale, et 
5 ... «i particulier les p>plysor^tes, les esters de sorbitan, les, polyethers de glycerides 
r , g|^. les lecithines, le:hurylsulfate,de sodium, le dipctylsulfqsuccinate de sodium 
et leurs melanges., , , , . . 

— composant tensio-actif (b3) a utiliser a l?etape (1°) n!est pas 
critique^ Quand ledU composant (b3) est introduit dans, le melange pSteux a 
10 extruder,, c'est le cas principalement d'un melange cpntenant un ingredient actif .; 
non.hydrosoluble ou non : hydrodispersable, .il interyiendra generalement suivant 
une quantity de 0,05, a ; 3 parties en., poids ppur 100 parties, en poids.d'ingredient 
..actif.. _ , . . ; . - 

^' mg ^^ dient ac1 i if ^ intervient r6tape ,(1°) peut etre Jiquide ou 
n- P^^^^V U.peutetre 6galement spit soluble dans l'eau soit insoluble dans l'eau t 
Quand il est puJveruJent^ 

Comme une granulomere tipp impprtante.(par exemple superieure ou egale a 500 
fim) ne permet pas d'obtenir les tajlles les plus foibles des microparticules ou 
microbilles lyophilisees suivant 1'invention, quand ledit ingredient actif est 
insoluble ; dans c re^u, ;;} on,, rerommande de iaije appel k des.poudres d'ingredient 
r actif ayant une granutometrie comprise entre 1 et 200 ftm. On obtient des poudres 
d'une granulomitrie de 1-30 /tm par micronisation a jet; d'air et d'une 
$^\om6tiic de 30-200 fim par broyage. Quand r ingredient actif pulverulent 
n'est pas soluble dans Teau, il sera incorpore dans le melange devant etre extrude 
25 , f de fecon 4 pbtenir une 6mulsion ; notamment du type huile-dans-eau, ledit 
ingredient actif etant place alors soit dans la phase aqueuse soit dans la phase 
huileuse lors de la preparation dudit melange. 

.. , L'eau est ajoutee a l'Aape (1°) pour permettre la lyophiUsation ulteneure, 
. d'une part, . et surtput, regler. la viscosite ,du, melange pateux, d'autre part. Selon 
30 une caractenstique de 1'invention, il est, essentiel que le melange pateux soumis a 
l'extrusion ait une viscosite inferieure a 1 Pa.s. De facoa pratique, on 
, recpmmande que, ledit . melange que 1' on va extruder ait une viscosite comprise 
entre 0,1 et 0,3, Pa.s a la temperature ambiante, c'est-a-dire une viscpsite diffe- 
rente de.. celle prjecpnisee, dans DE-B-2 725 924 (a savoir 0,01-0,02 Pa s, comme 
35 rappeie plus haut). 
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II est important que ledit melange pateux con tenant de l'eau, que Ton va 
extruder, soil htmbgehe ; si necessaire, apres son bbtention un tel melange insuf- 
fisamment homftgene pdurra etre w lisse n par passage au travers d'un dispositif 
homogeneisateiii 1 :" ; ' * 
5 L' extrusion de retape (2°) est r6alisee & la temperature ambiante comme 

indique ci-dessuSV Eh d*autres termes, pour avoir une telle temperature, la 
temperature de la tete d'extrusion sera r€g\€t k 15-20°C. Cette extrusion consiste k 
faire forcer le passage du melange pateux k travers une tete d'ex;trusion comportant 
une bu plusieurs filiferes de diamfetre dorine, ladite tete d'extrusion etant soumise k 

10 des vibrations ou oscillations periodiques pour former des gouttelettes spheriques. 

Suivant une autre caract6ristique de i'invention, il est important de congeler 
relativement rapidement les gouttelettes pour les "fixer" dans la forme qui est la 
leur aprfcs fragmentation ou ddcoupe (ici par vibrations) k la sortie de la tete 
d'extrusion. Ainsi, la congelation de I'etape (3°) est realisee au moyen d'un 

15 courant gazeux inerte (notammeht de Tazote ou de 1'argon) ayant uhe temperature 
inferieure a 0°C et de preference ihfdrieiife k -10°C. Les gouttelettes tombent par 
gravity (ou par surpression, ce qui revient au meme) tandis que le courant gazeux 
congelant va (de preference) k contre-courarit du fliix (ou trajet) desdites 
gouttelettes. 

20 ' " La congelation de l'etape (3°) au moyen d uh cburaht gazeux inerte 

constitue soit le debut de la phase de congelation de la lyophilisation soit la totalite 
de ladite phase. 

La phase congelation de la lyophilisation comprend le refroidissement de la 
masse k lyophiliser k une temperature comprise entire -18 et -80°C et de preference 

25 k une temperature de -30 k -50°C; Aussi, si par exemple le courant gazeux inerte 
initie la congelation en refroidissant les gouttelettes; k -12°C, on poursuit et 
complete la congelation au niveau du lyophilisateur jusqu'^ une temperature 
inferieure ou egale a -18°C (voire inferieure ou egale a -30°C, comme indiqu6 ci- 
dessus). En revanche, si le courant gazeux inerte refroidit lesdites gouttelettes k 

30 une temperature de -45 °C par exemple, il n'y a pas lieu de ^oursuivre la 
congelation dans le lyophilisateur. 

A retape (4°), la phase de sublimation de l'eau dans la technique de 
lyophilisation met en beuvre de fa$on classique, uh gradient de temperatures et un 
gradient de pressions reduites, (i) pour aller de la temperature de congelation sous 
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1 bar a la temperature de 25-40°C sous 0,3 mbar (en 1 a 2 fieures). 5 puis (ii) pour 
poursuivre la sublimation pendant 10 minutes a 25-40 o Os6u^0,05%ibar. 

De facon avantageuse, la lyophilisation est realisee en utilisant des plateaux 
garnisd'une monocouche de gouttelettes congelees.' ■• . .> , - ;: 
5 ■ {-'installation de la figure ,1 pour mettre.en oeuyre le precede* de 1'invention 

comprend schematiquement un melangeur 100 pourvu d'un agitateur rotatif 101 
dans lequel est prepaid le melange ;du composant (a), ^ingredient actif, des 
;.. composants de l'excipient; y.compris les> composants (bl), (b2) et le cas echeant 
(b3), et du composant (c), 1 Teau. Dans- ce melange, apres' homogerielsation, 
10 l'ingr&iient actif est sousforme de solution, suspension bu Emulsion. ' 

Par I'intermddiaire d'un dispositif 102, le mdangeur 100 alimente une 
enceinte 103 dans laquelle est dispose* un dispositif de vibrations 'a oscillations 
periodiques 105 lie a la tete d'extrusiori. Ces vibrations sbnt produites par un 
generateur de frequence 104. . . ■ , r : :. 
15 D'un? filiere 112, des gouttelettes (rion representees) tombent par gravis 

vers le fond de I'enceinte 103 pour former Pehsemble 106. Sous Taction d'un 
courant de gaz inerte (non repr&ence} froid,: ascendant (i.e. circulant a contre- 
courant vis-a^vis; du flux des gouttelettes), iesdites gouttelettes sont congelees (par 
exemple a -15°C). Par rintermetiiaire . d'un dispositif 107, les gouttelettes 
20, .ccflgdew sonticnargf^isur uh.plateaa-'de^Iyophilisatibn 108 puis^ln^oduites dans' 5 
; ,un lyophilisateur 109 comprenant notamment un tunnel 110 et un dispositif. 1 1 1 de 
refroidissement (fin de la phase dite de congelation de -18 a -80°C) et de 
.-, chauffage (phase de sublimation). 
• ; De plus-des orifices ;(non representes) pour l'evacuatibn du courant gazeux 
25; de refroidissement sont prevus au sommet de I'enceinte 103 et/ou lateralement au 
niveau ou legerement en-dessous de la tete d'extrusion. 

Si necessaire,. la portion de I'enceinte 103 contenant -1' ensemble des 
gouttelettes congelees 106, le dispositif 107 et le plateau 108 peuvent fetre loges a 
1 l'inteneur d* une enceinte ngfrigerante (non representee). 
30 Le cas echeant, pour eviter, si cela est necessaire, la disintegration des 

gouttelettes, d'une part, et leur agglomeration (entre elies ou sur les parois), 
r d'autre part, le contenu de l'ensemble: des elements 106, 107 et 108 ou d'au moins 
un d' entre eux (notamment 106 et 108) peut etre place dans un lit fhiidise\ Un tel 
lit fluidisS est avahtageux pour obtehir en particulier un remplissagedu plateau 
35 108 sous la forme d'une monocouche- de gouttelettes congelees. 
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La -figure 2 est un diagramme illustrant un mode de mise en oeuvre du 
procede de Tinyeotion pour la preparation de microbilles. Ce diagramme 
■■ - comprend* e^i* "~ : -■ . = -\i 

- en 200, la preparation du melange contenant T ingredient actif (a) les composants 
5 ; hydrophile (bl), (b2) etle cas &heant„(b3) de l'excipient physio- 

- :. . logiquement acceptable, ; et de I'eau, ce melaiige ayant une viscosite 
comprise entrjeOjl et 0,3 Pa.s ; ; '* irsc uvy:' 
- ; en 201, T extrusion de ce melange sous- vibrations pour obfenir des. gouttelettes ; 

- en 202, les gouttelettes isolees 10 tombant par gravity ;:• 

10 - en 203, la congelation des gouttelettes 10 au moyen du coritre-courant gazeux 
inerte f afin d'obtenir des rgouttelettes isol&s:et congelees 11 ; 

- en 204 j la lyophilisation des gouttelettes isolees et congelees 1 L pour obtenir des 

microbilles lyophilis&s 1, cette, lyophilisation comprend ici la poursuite 
de la congelation puis la sublimation de l'eau ; 
15 -les microbilles lyophilisees 1 obtenues en 204<sont ensuite soit (i) conditionndes r 
en 205 nptamment dam des flacons; soit (ii) 6rirbbees en 206 par une enveloppe 
polymfere 2 & paroi continue et de preference poreuse puis dirig&s selon la flfeche 
207 vers le ; conditionnement notamment dans des flacons comme en 205. 

A T&ape (S 9 ) oniprocfcde, si cela est plutot pr6f6rable, & 1'enrobage des 
20 , ,■ ; ; mip^.Slesuisolto, obtenues selori* le proc&te de? lM^r/don-par y extrusion puis 
lyophilisation. Comme indiqu6 plus haut, Tenrobage des lyophilisats Si la manifere 
des comprimes n'est pas realisable, meme si Ton sait incorporer dans les 
lyophilisats oraux des produits enrobes. En revanche, il est tout a fait envisageable 
d'enrober les microbilles notamment dans le but de .masquer le gout des produits 
25 amers ou desagreables, de prolonger ou modifier la liberation des principes actifs 
ou de proteger des ingredients actifs sensible? des agents de degradation externes. 

Les microbilles lyophilisees peuvent 6tre enrobees par divers agents gastro- 
solubles : soit en milieu organique, soit en milieu aqueux avec une isolation 
prealable. L'enrobage peut se faire par pulverisation dans un appareil k lit d'air 
30 fluidise, ftotamment du type GLATT ou WURSTER. t ' x 
Parmi les agents d'enrobage, on peut citer notamment 
- les derives* cellulosiques, semirsynthetiques tels que en - particulier la 
< m£thylcellulose, l-dthylcellulose, l'hydroxypropylmethylcellulose, le phtalate 
, d.'hydroxypropylcellulose et le phtalate/ac6tate decellulose, 

35 - les esters de l'acide polyacrylique et de l'acide polymethacrylique, . . . 
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- les copolymeres d * &hylene/acdtate de vinyle, : . ry : . . v; . • . . • 

- les polymethylsiloxannes, t -fi - 
-lespolyacirla^ides,^ x . ^ i-s^q u 

- la polyvinylpyrrolidone et le poly(acdtate de yinyle), u ,. ;v ^ r 
5 - te$ acides pplylactiques r; polyglycoliques et leurs copolymeres, , : 

- le polyurethane,) - ^ : , r;. r: 

- les polypeptides, y - ; ; j ; , • > ; ; ; 

- etC ' ^ ..;,,v,:vy ; - > ... . r: — - , U 

L'enrobage d'une microbille lyophilis& au moyen d'une membrane semi- 
10 v permeable microporeuse obtenueipar incorporation de produits solubles dans le 
film polymerique^ paroi continue conduit k la formation d'une sorte de pompe 
osmotique eldmentaire sans apport. supplemental d 'agent osmotique, tel que 
notamment les sels.de sodium etde potassium ; le produit lyophilise etant par 
definition tres hydrophile a tendance, quand il est place en presence d 'eau, a faire 
15 appel a un apport d'eau cje l'ext&ieur,: l'eau dissout 1'ingredient actif et il se cr6e: i 
une pression osmotique qui expulse la solution aqueuse contenant Tingredient 

Le produit solubilise par l'eau va sortir de fa?on progressive au fur et k 
^mesur^ que l'eau penetre dans la microbille. On pbtient ainsi une liberation 
20 rfguU^Je tosubs^e ; aptive. ^une.formula^ du lyophilisat oralOL 

et^ un choix judicieux; de la membrane on peut; : moduler *k la demande" la 
1 * 6r ^ ti ? n des ingrddients actifs ce qui permet notamment une chronoth&apie 
efficace. 

La figure 3 illustre sch&natiquement le fonctionnement des microbilles 
25 ^ lyqphm^. ; et,enrQb&s en tantque "pompes" ou "reservoirs" osmotiques. La 
microbille 1, qui comprend ici un ingredient actif sous forme de microparticules 3, 
i P 31 11 — ou envelpppe 2 semi-perm&ible. Aprfes administration 

orale, l'eau ou le liquide aqueux corporel (dans le cas d'espfece, le sue gastrique) 
I^fetre^enyelpppe 2 selon les flfeches 4, puis en, ressort suiyant les flfeches 5 en 
30 „ ^ entrainant l'ingreciient actif 3 s suivant les flfeches 6. Ce mode de fonctionnement 
; coiiyirat dans lecas ou Tingr&iient actif est soluble dans l'eau et les liquides 
corporels contenant de 1 'eau. , - ^ 

En variante, on peut prevoir un enrobage gastro^resistant, pour liberation 
de ringr6dient actif au : niveau entdrique. ^ 
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MEILLEUR MODE 

Le meiKeur mode de mise en oeuvre du procede suivant l'invention 
consiste a preparer des microbilles ayant un diametre calibre dans la gamme 
0,1-1,8 mm en procedant comme suit : 
5 (1°) la preparation (a la temperature ambiante) d'un melange homogene 

ayant une viscosity comprise entre 0, 1 et 0,3 Pa;s k partir 

(a) de 100 parties en poids d'un ingredient actif, 

(b) d'un excipient substantiellement hydrophile contenant 

(bl) 10 k 350 parties en poids d'un coiriposant polymfere 
10 ; ayant un poids moleciilaire superior ou 6gal k 10 000 

■ v daltons, gonflant dans Teau et choisi parmi Tensemble 

constitue par la gomme arabique, la gbmme xanthane, la 
polyvinylpyrrolidone, la carboxyfn'ethylcellulose, les ethers 
de cellulose (notamment la methyl-, ethyl-, propyl-, 
15 hydroxyethyl- ou hydroxypropycellulose), le dextiane, et 

leurs melanges, ^ : 

(b2) 5 £ 350 parties en poids d'un composant hydrosoluble 
ou hydrodispersable servant de diluant et choisi parmi 
^ T ensemble constitue par le lactose, le glycocolle, le 

20lno ^ ; manhitoU ie glucose, le saecft«ajse, la maltodextrine, la 

■ cyclodextrine et ses derives, les (Muicorants de synthase 
(notamment Taspartam et les autres dipeptides analogues, les 
cyclamates et les saccharinates), les ardmes naturels ou 
synthetiques, et leurs melanges, et 

25 (b3) le cas echeant, 0,005 a 3 parties en poids d'un 

composant tensio-actif, et 

(c) de 1'eau en quantity suffisante pour obtenir ladite viscosite de 0,1- 
■ • ■'; - • 0,3 Pa.s ; ■ •' - ■ ' : ' :M " 

(2°) rextrusioh du melange, ainsi obtenu, k la teniperatuit ambiante (15- 
30 20°C) et la fragmentation de Textrudat au moyen de vibrations " 

d'une frequence de 50 i 10 000 Hz (ces vibrations etarit notamment 
appliquees a la tete d ! extrusion) ; 
(3°) la congelation des goiittelettes, ainisi obtenuesj au moyen d'un 
contre-courant gazeux inerte tandis que lesdites goiittelettes tombent 
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par gravity la congelation etant poursuivie dans un lyophilisateur 
jusqu'a une temperature de -30°C a -50°C ;'et, U V " 
(4°) rdlimination de l'eau dans ledit lyophilisateur par sublimation. 
Suivant ce meilleur mode, le recueil .des gotft^etS'aSgdees^par le 
contre-courant est faite sous la forme d'une monocoyche, la jyophilisation etant 
egaiement re^isee wiis ja forme d'un charge.ment.de gputtelettes constituant 
egalement une mpnocouche. 

! r « En ce . concern , e i'utiUsation des microparticules lyophilisees de 
l'mvenaoh, U cohvienVde remarquer que 

- en th^rapeutique humaine et v6tMnaire, notamment chez les animaux a sang , 
chaud tejs que les mammiferes, on pr&onise' des microbilles eventuellement 
ehrobees (ayant un diametre calibre compris entre 0,1 et 1,8 mm) destinees a etre 
administrees par voie orale ; 

- en cosmetique, on prtconise des microbilles enrbbfes (ayant un diametre calibre 
compris entre 0,05 et 6,5 mm) destinfes a Stre incorpor&s a^s des preparations 
du type creme, onguent ou lotiqn, renrobage desdites microbilles ppuvant contenir 
du collagene (ou un cpllagene modified chvaole par les collagenases contenues 
dans la transpiration ; 

- en dtetdtique humaine, on preconise des microbilles ou des ba^onnets ;,et 

- dans le domaine aiiijientaire tant chez l'homme que l'animal, on n pr&onise des., 
batonnets contenant JeiTtant qu'ingredient actif un antibiotique, un fecteur de 
croissance, un amjnoacide, un peptide ou un de leurs melanges. 

D'autres avantages et caracteristiques de l'inyention seront mieux compris a 
; la lecture qui va s^iyre'd'exemples de realisation nullemem limitatifs mais donnes 
25 autred'illustratibn. 

EXEMPLEl Microbilles de paracetamol 

On prepare un melange a extruder ayant la formulation suivante : 

Paracetamol , . ( 100,00 g " 

Dextran70006 ! 10,00 g 

30 Gomme xanthahe 0,05 g 

Lactose 15,o6g ' 

Polysorbate 60 , 0,40 g 

Eau ' 120,00 g 

On dissout dans l'eau le lactose, le polysorbate ^ 60 et le dextran 70 000, 
ajoute le„ paracetamol (de granulometrie 50-200 ^m), disperse au moyen d'un 
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homogen&sateur operant % une vitesse angulaire de 2 000 tours/minute, pendant 2 
minutes. On obtient un melange ayant une viscosite comprise entre 0,1 et 0,3 Pa.s 
a la temperature ambiante. 

"On introduit ce melange dans une extrudeuse dont la tete d' extrusion 
5 comporte plusieiirs* filtered ayant chacune un orifice de 6,5 : mm de diametre et 
soumise chacune £ des vibiatibhs d'line frequence de : 100 Hz. Les gouttelettes 
formees sont congelees au moyen d'un contre-courarit d 1 azote puis portees (au 
hiVbau de la phase congelation d'lin lyophilisateur), sous forme d'une 
monocouche, a une temperature comprise bntre -40°C et -45°C. 
10 L*eau des gouttelettes congel&s est: 6ilmihee par sublimation, par 

f r&^ et une pressidn de 6,300 mbar, puis pendant 10 

rninuies k +35°C jusqii'k une pressibn de 0,050 mbar. 

Les microbilles lyophilisees ainsi obtenues ont une excellente tenue 
mec^i^ue et pres^^ , ; 

15 EXEMPLE2 Micfbbiiles de probucol 

A partir d' un melange ayarit la formulation suivante: 
Probucol ^ U ' 100 g 

Laurylsulfate de sodium 2 g 

Dex:tran 70 " / 13 g 

20 : :: " ;:70 L^toses ' * ' ; ? * . v ; \ ""V'^oe'; ' ' r ^ , 

Eau ^ 300g 

on prepare des microbilles selon les mpdalites decrites i l'exemple 1, avec les 
differences que la granulomere du probucol est de 2 4 10 pm et les filiferes ont un 
diametre de 0,6 mm. On obtient des microbilles lyophilis&s ayant un diamfetre de 
25 1,5 mm. : . . 

EXEMPLE3 Microbilles de piroxicam 

A partir d'wi melange ayant la fbrmulation suiviante: 
Piroxicam 2,00 g 

Dextran70 6,00 g 

30 Gomme xanthine 0,05 g 

Lactose 6,00 g 

Tween60 0.10 g 

Eau : 500,00 g 

on prepare Hes microbilles selon les modalites operatoires decrites a l'exemple 1 
35 avec les difffrences que la granulometrie du piroxicam est de 2 a 5 nm et que les 
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filiferes ont chacune un diamfetre de 0,2 mm. On obtient des microbilles 
lyophilisees ayant un diametre de 0,500 mm. "'^ 
EXEMPLE 4 Microbilles de phloroglucinol 

. A partir d'un .meljange ayant la formulation suivante: : 
Phloroglucinol / 1 80s 
Dextran 70 \ 20 p 

Aspartajp . , 2 g 

Mannitpl * / J , 10 g 

^ • , . !: , ^> , , 50Q g , , c 

on prepare selon le? modalites de l'exemple 3 des microbilles lypphUises ayant un 

diametre de 6,500 mm. 

EXEMPLE 5 Microbilles de tiadenol . ], 7 I . 

A partir d'un melange ayant la formulation. suivante: 



100 g 



15 Tiaddnol , / 

Polysorbate 60 ' " . o e 

Poly6thoxy6ther d'acide gras 2g 
Miglyol812 1 ^ 

' piasejg: ' ' "* "" 

20 Dextran 70 " ! : ' ;: ' "' Kr 7:,u - 

Lactose 
"' Eau 



10 g 

5g. 
50 g 



, on prepare des microbilles selon le protocole qui comprend la preparation du 
melange de la.phase A k 70°C et ceUe de la phase B a 70°C, le melange de A et 
25 de B, l'homoge^eisation du melange resultant au moyen d'un appareil du type 
Turrax operant a une Vitesse; angulaire de 5 000 tours/minute pendant 5 minutes, 
1' introduction du melange homogene resultant dans l'extrudeuse puis la 
reproduction des modalites operatoires derates a l'exemple 2 Les microbilles 
lyophilisees obtenues ont une gramilometrie de 1,5 mm. 
30 EXEMPLE 6 Enrobage 

On a proceed a l'enrobage des microbilles obtenues a l'exemple 1 pour masquer 
leur arriere gout au moyen de la solution d'enrobage suivante : 
Ethylcellulose 12,5%enpoids 
Lactose . 10 % en poids 
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Phtaiate de dibutyle 1 % en poids 

Isopropanol 66,5 % en poids 

Dans un appareil k lit d'air fluidisg du type GLATT WSG 5 on iniroduit 
1 kg de microbilles on chauffe V appareil k 50-55 °C de fa?on k obtenir une 
5 temperature dans le produit enrobS de 30-35 °C. On pulv&ise^ la solution 
d' enrobage decrite ci-dessus suivant un debit de 2-4 mg/mn et une pression de 
nebulisation de 2 bars, pendant 120 minutes avec sechage final de 30 minutes. On 
obtient un enrobage representant environ 5 % en poids du poids de chaque 
microbille. Le produit ainsi enroW a un gout neutre et il convient pour une 
10 administration par voie orale sans modification sensible de sa, vitesse de liberation 
au niveau de Testomac. 
EXEMPLE 7 Solution d'enrobage 

Avec une solution d'enrobage ayant pour formulation: 
Eudragit L 100 7,3 % en poids 

15 Phtaiate de dibutyle 1,5 % en poids 

Talc 1,8 % en poids 

Isopropanol 89,4 % en poids 

on obtient un enrobage enterique pour les microbilles de Texemple 2, Tenrobage 
representant 5 k 10 % en poids par rapport au poids desdites microbilles. 
20 EXEMPLES 8*12 - 

En proc6dant selon les modalites op6ratoires decrites k Texemple 1 et en ne faisant 
varier que la frequence des vibrations, on obtient des microbilles de paracetamol 
ayant un diamfetre de 1,5 mm, 1,0 mm, 0,7 mm, 0,5 mm et respectivement 0,1 
mm avec des vibrations de 50 Hz, 500 Hz, 1 000 Hz, 2 000 Hz et respectivement 
25 10 000 Hz. ' ~ 

EXEMPLES 13-14 Microbilles de fierobuterol 



A partir des formulations 


suivantes 




Ex 13 


Ex 14 


Flerobut&ol 


3g 


"•' 3g 


Lactose 


■ 25g 




Betacyclodextrine 




30 g 


Dextran 70 


25 g 


" 25g 


Saccharinate de sodium 


3g 


3g 


Eau 


100 g 


100 g 
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on prepare des microbilles selon r invention. 
Diametre des filieres : 0,2 mm 
Diamfctre des microbilles : 0,5 mm, 
EXEMPLE 15 Microbilles de carbinoxamine 

5 A partir de la formulation suivante 



Mal6ate de carbinoxamine 20 g 

Glycocolle 20 g 

Dextran70 10 g 

Aspartam - 5 g 

10 Gomme xanthane 1 g 

Eau 100 g 



on prepare des microbilles selon -1 'invention. ; 
Diametre des filferes : 0,2 mm. 
Diametre des microbilles : 0,5 mm 
15 EXEMPLES 16-17 Microbilles de modafinii f 

A partir des formulations suiyantes . 





Ex. 1<5 . 


.. . ExJ7 


Modafinii* 


100 g 


100 g 


Saccharinate de sodium 


2g 


2g' ; . 


Dextran 70 


10 g 


10 g,. 


Tween 80 


2g 


2g 1 


Hydroxypropyl-B- 






cyclodextrine 


100 g 




Lactose ou mannitol 




40g 


Gomme xanthane 


lg 


lg 


Eau 


200 g 


200 g 



Note 

(*) granulom&rie du modafinii : 2-5 , 
on prepare des microbilles selon T invention. 
30 Diamfctre des filiferes :0,5mm 
Diamfetre des microbilles : 1 mm 

EXEMPLES 18-19 Microbilles de dexfenfluramine 

A partir des formulations suivantes 
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Ex 18 Ex 19 

Dexfenfluiamine* 300 g 300 g 

Dextran70 20 g 20 g 

5 Gomme xanthane 0,5 g 0,5 g 

Acide citrique 5 g 5 g 

Aspartam 6 g 6 g 

Mannitol 50 g 

Bdtacyclodextrine - 50 g 

10 Eau 300g 300g 

Note 

(*) granulom&rie de la dexfenfluramine : 5-10 pm , 

on prepare des microbilles selon 1' invention. 

Diamfetre des filiferes : 0,5 mm 
15 Diamfetre des microbilles : 1,2 mm 

EXEMPLE 20 Microbilles de Iop6ramiiie 

A partir de la formulation suivante 

Loperamide 2 g v 

Aspartam 20 g 

20 Dextran70 20 g : 

Tween 60 1 g 

Gomme xanthane 1 g 

Mannitol 20 g 

Eau 100 g 

25 on prepare des microbilles selon r invention. 

Diamfctre des filiferes : 0,5 mm 

Diametre des microbilles : 1 mm 

EXEMPLE 21 Microbilles de lprazepam 

A partir de la formulation suivante 
30 Lorazepam 2,5 g 

Aspartam 8 g , 

Polyvinylpyrrolidone 25 g 

Tween 60 1 g 

Gomme xanthane 1 g 

35 Dimethyl-B-cyclo- 

dextrine 40 g 
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Eau : . 100 g o..i >'.•'.': 

on prepare des microbilles.selon V invention. : -o^do ,^jpin 

Diametre des fili^res . - : 0,2 mm ; ; ^ r - ::i>:Lv./v--i r 

5 Diametre des microbilles ; 0,5 mm. : ; 
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REVENDICATIONS 

1. Precede pour la preparation de particules utiles notamment en 
therapeutique, chaque particule comprenant un excipient formant une matrice et au 
moins un ingredient actif reguliferement reparti dans la masse de la matrice, ledit 

5 procdde etant caracterise en ce qu'il comprend la realisation de noyaux sees de 
forme r£gulifere, de preference spherique par extrusion ou formage puis 
lyophilisation, chaque noyau sec etant ensuite susceptible d'etre enrobe, d'une 
part, et susceptible d'intervenir dans une preparation plus complexe, d'autre part. 

2. Precede suivant la revendication 1, caracterise en ce qu'il comprend 

10 - la preparation d'un melange pateux ayant une viscositd, mesuree k la 

temperature ambiante (15-20°C), inferieure k 1 Pa.s, 
- 1' extrusion dudit melange piteux et la decoupe de Textrudat, ainsi 
obtenu, sous forme de corpuscules humides d'une taiile g6n£ralement 
comprise entre 0,01 et 5 mm, 

IS - la congelation desdits corpuscules par contact avec un fluide inerte k 

une temperature inferieure k 0°C, puis 

- le sechage desdits corpuscules, ainsi congeies, par cryodessiccation. 

3. Precede suivant la revendication 2, caracterise en ce que la congelation est 
rdalisee au cours de la chute des corpuscules humides dans un fluide gazeux 

20 refroidi circulant k contre*courant. 

4. Procede suivant la revendication 1, pour la preparation de particules 
comprenant chacune un excipient formant une matrice et au moins un ingredient 
actif r£guliferement reparti dans la masse de ladite matrice, ledit procede, qui 
comprend les operations d' extrusion puis de lyophilisation, etant caracterise en ce 

25 qu'il comprend les etapes consistant dans : 

(1 °) la preparation d'un melange homogfene k partir 

(a) d'au moins un ingredient actif, 

(b) d'un excipient hydrophile physiologiquement acceptable, et 

(c) d'eau, 

30 de fa?on k obtenir un melange pateux ayant une viscosite, mesuree k la 

temperature ambiante (15-20°C), inferieure k 1 Pa.s ; 
(2°) r extrusion du melange homogfene, ainsi obtenu, et la decoupe de Textrudat 
pour obtenir des corpuscules humides ; 
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(3°) la congelation desdits corpuscules, ainsi obtenus, pendant qulils tombent 
par gravite dans un courant gazeux inerte ayant une temperature infeneure 
aO°C ; et, 

(4°) le sechage desdits. corpuscules par cryodessiccatipn. 
5 5. Procetie' suivant la revendication 4, caracterise en ce que l'extrusion est 
reaUse^alatemperattTC 

6. Proc&le' suivant la revendication 4, caracterise en ce que le melange pateux 
contenant de l'eau a une viscosite* comprise entre 0, 1 et 0,3 Pa.s a 15-20°C. 

7. Proc&te suivant . la reyendication 4, caractense\ en ce que l'excipient 
10 hydrophile (b) comprend deux composants essentiels : 

(bl) un composant polymere ayant un poids rnoleculaire 

..■ sa ^ a *?V&$ * lQW<k^v gotten presence 
d'eau, et 



(b2) un composant hydrosoluble ou hydrodispersable 
15 servant de diluant. 

8. Proc6d6 suivant la revendication 7, caractensS en ce que le composant (bl) 
est une substance chojsie parmi j'ensemble constitti^ par la gomme arabique, la 
gomme xanthahe/ la gpmme atogante,' les alginates, les pectinates, la 
polyvinylpyrrolidone, les ^po^ly^thylfaieglycols, Ja cellulose, la ; carboxym6thylcel- 
lulose, 1» &en de , ^ulose^ le c hitosane, 
la gaatine, les pblyrneres et copolymeres acryliques et m&hacryliques, la silice 
colloidale et leurs melanges. . , 

9. Proc&ie* suivant la reyendication 7, caracterise" en ce que le composant (b2) 
est une substance chpisie parrni 1' ensemble consume" par les sucres et les dextrines. 

25 10. Procette suivant la revendication 7, caractense en ce que le composant (b2) 
est choisi panrri l'ensemble constitu6 par le lactose, le glycocolle, le mannitol, le 
glucose, le saccharose, la maltpdextrine, la cyclodextrine et ses derives, les 
6dulcprants de synthese, les aromes naturels ou synth&iques, et leurs melanges. 
11. ProcMe" suivant la revendicatipn 4, caracterise en ce qu'a l'&ape (1°) on 

30 utilise* 

(a) 100 parties en poids d'un.ingr^dient actif, 

(bl) 10 a 350 parties en poids de substance polymere gonflant dans l'eau, 

et ' I 

(b2) 5 a 350 parties en poids d/une substance choisie parrni les sucres, 
35 les dextrines, et leurs melanges. 
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12. Proced£ suivant la revendication 4, caracterise en ce qu'a 1'etape (1°) on 
utilise en oiitife" 1 

(b3) un composant tensio-actif, notamment a raison de 0,05 a 3 parties en 
poids dudit composant tensio-actif pour 100 parties en poids 
5 d' ingredient actif. 

13. Procede suivant la revendication 4, caracterise eh ce que Ja congelation de 
T&ape (3°> est initide par ledit courant gaieux inerte circuTarit k contre-courant du 
trajet descorpuscules humides puis pioursur vie jiisqu* a urie temperature situee dans 

: la gamme de -18 * -80°C (de prSfdrence de -30 * -50°C) dans un lyophilisateur. 
10 14. Proc&te suivant la revenldicatidh 4, caracterise eh ce qu'il comprend en 
outre, apirfes l*6tape (4°), I'etipe cbnsistant a : " ; 

(5^) ehrober chacune des pkrticules lyoptiilisees, ainsi bbtenues, k l'int£rieur d'une 
membrane polymere a paroi continue. 

15. Procedd siiivant la ^ revendication 4; caracterise en ce qu'il comprend les 
15 etapes consistant dans 

(1°) la preparation S la tem^rature ambiante d'un melange homogfene 

ayant une \asc6sit6 ^ 
(a) de 100 parties en poids d'un ingredient actif, ' . 
jr i(b) ; ^ : d^ 

ayant un poids mol&ulaire supeneur 6u 6gal k 10 000 
daltons, gonflant dans I'eau et choisi parmi l f ensemble 
constitug par la gomme arabique, la gomme xanthane, la 
polyvinylpyrrolidone, la carboxym6thylcellulose, les ethers 

25 de cellulose, le dextrane et leiirs mdlariges, 

(b2) 5 a 350 parties eft poids d'uh composant hydrosoluble 
ou hydrodispersable servant de difiiant ef choisi parmi 
1'ensemble constitue par le lactose, le giycocolle, le 
mannitol, le glucose, le saccharose, 1 la maltodextrine, la 

30 cyclodextrine et ses derives, les aromes naturels ou 

synth^tiques, et leurs melanges, et 

(b3) le cas 6ch6arii, 0,005 k 3 * parties en poids d'un 
composant tensioactif, et 
(c) de I'eau en quantity suffisante pour obtenir ladite viscositd de 0,1- 
35 0,3Pa.s; 
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(2°) l'extnision du melange, ainsi obtenu, a la temperature ambiante (15- 
20°C) et la fragmentation de 1'extrudat squs-jforrnef de gouttelettes 
au moyen de vibrations d'une frequence de 50^10, 000 Hz ; 
(3°) la congelation des gouttelettes, ainsi obtenues, au moyen d'un 
contre-courant gazeux inerte tandis que lesdites gouttelettes tombent 
par gravity la congelation etant poursuivie dans un lyophilisateur 
jusqu'a une temperature de -30°C a -50°C ; et, 
(4°) l'elimination de l'eau dans ledit lyophilisateur par sublimation. 
16. Particule extrudee et lyophilisee caracterisee en ce qu'elle est 
obtenue selon le proc&te de Tune quelconque des revendications 1 a 
15. 

17. Particule suivant la revendication 16, caracterisee en ce qu'elle contient 

(a) de 100 parties en poids d'un ingredient actif, et 

(b) un excipient substantiellement hydrophile contenant 

15 0>1) 10 a 350 parties en poids d'un composant polymere 

ayant un poids moleculaire superieur ou egal a 10 000 
daltons, gonflant dans l'eau et choisi parmi I'ensemble 
constitue par la gomme arabique, la gomme xanthane, la 
polyvinylpyrrolidone, la carboxym&hylcellutase, les ethers 
de cellulose, le dextrane et ieurs melanges, 
(b2) 5 a 350 parties en poids d'un composant hydrosoluble 
ou hydrodispersable servant de diluant et choisi parmi 
I'ensemble constitue par le lactose, le glycocolle, le 
mannitol, le glucose, le saccharose, la maltodex trine, la 
25 cydodextrine et ses derives, les eclulcorants de synthese, les 

aromes naturels ou synth6tiques, et leurs melanges, et 
<b3) le cas echeant 0,05 a 3 parties en poids d'un composant 
tensioactif, et leurs melanges, 
et en ce qu'elle se presente sous la forme d'une microbille ayant un diametre de 
30 0,05 a 3 mm. 

18. Particule suivant la revendication 16, caracterisee en ce qu'elle a 6t6 
enrobee selon le proced^ de la revendication 14, ladite particule consideree avec 
son enrobage constituant un reservoir osmotique. 

19. Particule suivant la revendication 16, caracterisee en ce que l'ingredient 
35 actif qu'elle contient est choisi parmi I'ensemble constitue" par le paracetamol, le 



20 



WO 94/2237' 1 27 PCT/FR94/00281 

probucol, Ie p'ifbxicam, le phloroglucinol, le tiadenol, le fterobuterol, le 
modafinilv la dexfenfluramine, le mal^ate de carbinoxamine, le loperamide, le 
lorazepamp et^l&rs melanges. 
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